Explosive performance parameters: A digital computer solution and error analysis by Stelloh, Robert T.
Scholars' Mine 
Masters Theses Student Theses and Dissertations 
1961 
Explosive performance parameters: A digital computer solution 
and error analysis 
Robert T. Stelloh 
Follow this and additional works at: https://scholarsmine.mst.edu/masters_theses 
 Part of the Mining Engineering Commons 
Department: 
Recommended Citation 
Stelloh, Robert T., "Explosive performance parameters: A digital computer solution and error analysis" 
(1961). Masters Theses. 2772. 
https://scholarsmine.mst.edu/masters_theses/2772 
This thesis is brought to you by Scholars' Mine, a service of the Missouri S&T Library and Learning Resources. This 
work is protected by U. S. Copyright Law. Unauthorized use including reproduction for redistribution requires the 
permission of the copyright holder. For more information, please contact scholarsmine@mst.edu. 
EXPLOSIVE PERFORMANCE PARAMETERS: 
A DIGITAL COMPUTER S OLUTION AND ERROR ANALYSIS 
BY 
ROBERT T. STELLOH 
A 
THESIS . -" .... 
submitted to the faculty of the 
SCHOOL OF MINES AND METALLURGY OF THE UNIVERSITY OF MISSOURI 
in partial fulfillment of the work required for the 
Degree of 





A program was written for the determination of explosive perform­
ance parameters on the Royal-McBee LGP-30 electronic digital computer. 
The method deve:loped by Dr. M. A u Cook was used, which is based on the 
thermohydrodynamic theory of detonationo This theory and the specific 
equations developed by Cook are presented. 
General statements are made in regard to computer progrannning, 
and specific information given concerning the programming concepts 
used for this particular problem o A detailed explanation of the pro­
gram operation is given, together with the tabular data required for 
its use. 
ii 
Equations are presented for an analysis of the effects of roundoff 
error on the results of this program, and an example of the use of these 
equations is given. Methods and examples of the use of the computer 
program in performing error investigations are also presented. 
The coding sheets, flow charts, and written descriptions are 
included for each portion of the program, since it was·written in such 
a manner as to be readily modified, and this information is essential  
if modifications are to be  made. 
iii 
ACKNOWLEDGEMENTS 
The author wishes to express his appreciation to Dr. George B. Clark, 
Chairman of the Department of Mining Engineering, for his assistance and 
guidance concerning the theoretical aspects of this investigation. 
Appreciation. is also expressed to Professor Ralph E. Lee, Director 
of the Computer Center, for his assistance and for permission to use the 
Computer Center facilities for the many hours required to complete this 
problem. 
TABLE OF CONTENTS 
LIST OF FI.GURES" 









Statement of the Problem 
Limitati.ons . 
App 1 i.ca ti.ans 







Mathematical Statement of the Problem 
Numerical Analysis 
Prograrmni.ng . . � 
Program Checkout . . . . 
Program Operation . . . • . 
1. Preliminary Calculations 
2. Data Tape Preparation 
3. Operating Procedures 
4. Program Printouts 





























APPENDIX A. The Thermohydrodynamic Theory of Detonation A.l 
APPENDIX B. Tabular Data . . • • •  
APPENDIX C. Subroutine Descriptions, Flow Charts, and 
Coding Sheets 





















C .. 18 
C.19 
LIST OF F'IGlJRES 
General Features of a Stored-Program Electronic 
Digital Computer • . • . . . . 
Detonation State Flow Chart 
Negative Oxygen Balance Sample Problem . . 
Positive Oxygen Balance Sample Problem 
Ideal Detonation and Explosion State Parameters . .  
Rankine-llugoniot Diagram 









Compute Gamma . •  






Subroutine 6b: X Test 
Subroutine 7: Compute R. 
l. 
Subroutine 8a: Crout Reduction 
Subroutine 8b: X Print 
. . . 
Subroutine 9� Compute Matrix Coefficients 
Subroutine 10: Compute X + 6X, 6X Print . 
Subroutine 11: Sum Product Heat Capacities 
Subroutine 12: Compute T + 61', T Print 
Subroutine l.3a: Sum Product Heats of Formation 
Subroutine 1.3b: Sum Products 






































The LGP-30 Word 
Iterate on v
2 
and� . . . . . . •  

































LIST OF TABLES 
Explosive Performance Parameters: Sample Data 
Load Sheet . . . . • • . • . • . . 
Variation in Results with Allowable Error 
List of Symbols 
Composition and Heats of Formation of Explosives and 
Explosive Ingredients • . • . . •  
Heats of Formation of Explosion Products 
Heat Capacity Approximations . 0 • •  
Equilibrium Constant Approximations 
Fugacity Factor, Alpha, (da/ov) Approximations . .  
Binal Point Locations and Maximum Values . • . 
Flow Chart and Coding Sheet Symbols and Abbreviations . 

















Chemical explosives are defined as substances capable of extremely 
rapid exothermic reaction, with the accompanying evolution of gaseous 
decomposition products at high pressure and temperature. It is often 
desirable to have quantitative knowledge of the various intensive and 
extensive properties, or performance parameters, of a given explosive. 
Application of the thermohydrodynamic theory of detonation results 
in the mathematical relationships necessary for determination of these 
parameters. However, use of these relationships involves repeated itera-
tive solutions of simultaneous non-linear equations,·which express the 
gaseous products as functions of an assumed density and temperature; 
together with iterations on density and temperature, as functions of the 
product composition and each other. Although hand calculations of these 
';I;._. __ _ 
iterations are quite tedious and time-consumi?g, with a single problem 
requiring up to twenty or thirty iterations on the composition, and five 
or six each on density and temperature, the problem is amenable to 
solution on an electronic digital computer . 
/A. Statement of the Problem 
The object of this investigation is to (1) develop a very general 
machine-language program for the so_!.y.tion of --��plosive _p�i:formance para­
meter .. J�_!'<?l.>lems on the Royal-McBee LGP-30 electronic digital computer, and 
(2) perform an analysis of the mathematical relationships involved in the 
solution, in an effort to define the accuracy requirements of the many 
variables in terms of specific numerical examples, for a given explosive, 




Two distinct types of explosive reactions are us�ally recognized: 
(1) detonation, characterized by a supersonic shock or detonation wave 
propagating through the explosive, supported by energy from an accompany-
ing chemical reaction, and (2) deflagration, with a much slower wavefront. 
The computer solution for explosive parameters developed in this 
investigation is limited to those explosives which detonate ("high" explo-
sives) , and are principally composed of carbon, hydrogen, nitrogen, and 
oxygen. This category includes the majority of all connnerical and mili-
tary explosives. 
The solution is further restricted to those explosives near oxygen 
balance, which excludes some military explosives with large negative 
oxygen balance. Since deviation from oxygen balance contributes to the 
formation of undesirable fumes, most commercial explosives closely approach 
zero oxygen balance. 
Positive oxygen balance mixtures are treated as a special case, with 
the·product composition arbitrarily assigned rather than being allowed 
to vary as a function of density and temperature. This is necessary 
because the composition iteration variables (X.) take on a very wide 
1. 
range of values for the positive oxygen balance case. In general, defi-
nite limits of applicability do not exist, with the accuracy of the 
results simply decreasing with increasing deviation from oxygen balance 
and/or CHNO composition. 
Other limitations of the solution are those imposed by the thermo-
hydrodynamic theory of detonation. (1) 1 I As discussed by Taylor '-, the 
theory is completely mechanical, and is independent of the nature of the 
11s · · h - uperscripts in parent eses refer to items in the bibliography. 
I.3 
reactions or thei.r initiation. It does not consider (or furnish any 
information concerning) important design criteria such as initiation 
sensitivity, water resistance, minimum charge diameter, or the effect of 
grain size o These criteria or quali.ties may be investigated experi-
mentally, however, and used in conjunction with the theoretical para-
meters. 
C. Applications 
The detonation state parameters are defined as those which exist at 
the Chapman-Jouget plane, which denotes the end of the reaction zone 
(Figure A . 1, Appendix A) . These parameters include the detonation velocity, 
temperature, density, and pressure, the composition and heat capacities 
of the reaction products, and the heat of reaction. Of these, only the 
detonation velocity may be accurately determined experimentally, although 
many attempts have been made to measure the other parameters. A summary 
of the experimental methods and their results was given by Cook (
2) .. 
Conditions in the explosion state, which are defined as those which 





, are of more general value in explosives design a The para-
meters of interest include the explosion temperature and pressure, conun.only 
known as the "borehole" temperature and pressure, .the composition of the 
products and their heat capacities, and the available work, which is 
approximately equal to the heat of explosion, Q
3
. 
These theoretical results may be used, in conjunction with the labo-
ratory and field test results� in the design of explosives to meet the 
requirements of specific applications, such as coal mining, quarrying, or 
(3) demolition work. For example, as shown by Cook , the blasting effect-
iveness of an explosive, connnonly considered proportional to its detonation 
I.4 
velocity, may be more closely estimated from the explosion state pressure 
and the "energy density" of the explosive, defined as· the product of the 
density and available energy in the explosion state. 
D. Previous Work 
The most difficult portion of explosive parameter calculations is 
determination of the decomposition products, as a function of the initial 
explosive composition at a given temperature and density, since this 
involves the solution of a number of simultaneous non-linear equations. 
A program was prepared for the solution of this partial problem on the 
IBM 602A Calculating Punch by the University of Utah Explosives Research 
Group (
4), using the iterative method developed by Brinkley and Smith (
S) . 
Because of the operating characteristics of the IBM 602A, it was 
advantageous to perform simultaneous equilibrium computations for a given 
explosive at many different temperatures and fugacities (fugacity is a 
function of density; see Appendix A) . Computations for 150 temperature­
fugacity combinations required 40 hours, or about 16 minutes for each 
equilibrium determination. 
on 
An iterative procedure for determin�tion of equilibrium composition 
the IBM 701 was described by Villars (6). This method involved working 
with one reaction at a time, temporarily ignoring the interactions; 
revising the other products by use of the material balance requirements; 
going on to the next reaction, and so on. Considering only six products, 
one sample problem required 181 iterations for a solution, in 1.8 minutes, 
and another was completed in only 19 iterations. 
Fickett and Cowan (]) described a different approach to the problem, 
in which the equilibrium reactions were combined into a single equation. 
This program, also for the IBM 701, required about 20 seconds for an 
I.5 
equilibrium determination, and slightly more than two minutes for a solu-
tion for the detonation velocity. 
A complete solution for detonation and explosion state parameters 
was progranmed for the IBM 702 by Kaufman (B) , using the method described 
by Clark (
9) . The original program was modified, and in its present form, 
described by Yancik (
lO) , consists of six simultaneous non-linear equations. 
When solved, these equations yield the detonation or explosion state 
density, temperature, and composition directly. A solution for both 
states, for a given explosive, requires from three to five minutes. 
A more sophisticated program, for both detonation and deflagration 
phenomena, is being developed by Boyer and Grandey (
ll) . This program, 
for the IBM 709, will consist of a numerical space-time solution of the 
problem expressed as simultaneous differential equations. The solution 
considers a multizone model of the reaction process, with different rate 
laws in the different zones, and includes an approximate method of con-
sidering charge diameter effects. 
Electronic analog computers have also been used for the solution of 
explosives problems. Alster (
l2) presented the details of an analog solu-
tion for equilibrium composition and temperature, and an allied problem 
concerning combustion was discussed by Hutcheon and Cooper (
l3) . A very 
comprehensive list of references concerning machine computation of equi-
librium composition and other thermodynamic calculations has been compiled 
by Hilsenrath, Klein, and Sumida (
l4) _ 
The effects of errors in explosive calculations has received com-
paratively little attention. Differences due to the use of various 
equations of state were discussed by Cook, Keyes, Horsley, and Filler (
lS) ; 
some work was done on errors in the equilibrium composition calculations 
by Cook, Filler, and Robinson (
4) ; and a brief qualitative summary was 
I.6 
given by Eyring, Powell, Duffey, and Parlin (
l6) . 
This relative lack of information is not unusual; since a complete 
error analysis for a given computation is often more work than the compu­
tation itself. However, as suggested by Sangren (
l7) : "Without an error 
analysis, the worth of a particular numerical computation is diminished 
and subject to some doubt". Thus, it is hoped that the error analysis 
portion of the present investigation will help to fill an existing gap 




A modern stored-program digital computer consists of five logical 
parts, as illustrated in Figure II.l. The input and output functions are 
evident, and a typewriter with paper tape read/punch units performs both 
of these tasks for the LGP-30. The memory unit stores information for 
subsequent retrieval and use. That portion of the memory in which arith­
metic and logical operations are executed is the arithmetic unit. The 
control section links the other parts of the computer into one function­
ing unit, by interpreting and effecting the execution of instructions in 
the proper sequence. Appendix D contains a more detalled description of 
the Royal-McBee LGP-30 digital computer. 
The outstanding features of a digital computer are its high speed, 
internal storage of intermediate results, an ability to modify its 
instructions, and the ability to make simple decisions. The LGP-30 
decision consists of ignoring or executing one particular instruction, 
based on whether the current piece of information is positive or negative. 
The disadvantages include an inability to deviate from its in­
structions (thus, it cannot handle unforeseen variations in the calcu­
lations) , and the fact that it will execute correct and incorrect in­
structions with equal ease. It can, however, detect one particular type 
of error, known as "overflow", which results in the loss of the most 
significant portion of the number involved. 
A digital computer program, or problem-solving sequence of 
instructions, must be written to overcome the disadvantages, and, if 
possible, maximize the advantages of the particular computer for which 
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INFORMATION FLOW 
-+--------- CONTROL SIGNALS 
GENERAL FEATURES OF A STORED-PROGRAM 
ELECTRONIC DIGITAL COMPUTER 
FIGURE II.1 
digital computer may be summarized as follows: 
1. Statement of the problem: The primary step ·in the solution 
of any problem entails translation of the physical problem 
·into a mathematical one, i.n terms of equations, logical 
decisions, available data, and desired results .  
II.3 
2o Numerical analysis: Translation of the mathematical state­
ments into numerical procedures is termed numerical analysis. 
An important part of this translation is the provision of an 
e stimate as  to the errors involvedo 
3. Progrannning: Programming may be considered as computer­
oriented planning, and results in a flow chart, or outline, 
of the computer solution . 
4 . Coding: Writing the actual instructions to be executed by 
the computer is known as coding� and, together with programming, 
i s  the translation of numerical procedures into the language 
understood by a parti.cular computer. 
5. Checkout: Often referred to as "debugging"; program checkout 
includes the detection and correction of the mistakes made in 
the preceding steps. '!'his is conunonly accomplished by a 
comparison between computer and hand calculations .  
6. Production planning: The final step in the computer solution 
of a problem is preparation of a detailed description of the 
program operation and limitations, so that someone other than 
the programmer may use it for actual production, or problem 
solving. 
The remainder of this chapter is devoted to a development of the 
solution for explosive performance parameters on the Royal-McBee LGP-30 
digital computer, along the lines of the above sunmary. 
A. Mathematical Statement of the Problem 
The overall method of solution is based on the thermohydrodynamic 
theory of detonation, which has been developed through the efforts of a · 
large number of investigators. The equations expressing this particular 
solution are presented in Appendix A� and were derived by Cook (
4) on the 
basis of his modification of Abel's equation of state: 
II. 4 
where the covolume, a, is a function of the specific volume, rather than 
a constant. 
Very .generally, the solution consists of the determination of 15 
gaseous reaction products as functions of the initial composition and 
density, and an assumed detonation state temperature and density; calcu-
lation of a new density as a function of the temperature and the product 
composition, with iterations on the products and density until there is 
no further change; and calculation of a new temperature as a function of 
the density and the· product composition. Iterations on the products, 
density, and temperature are continued until all assumed and computed 
values are in agreement, within the specified allowable error. 
The known input information includes the explosive composition, in 
terms of the amounts of carbon, hydrogen, nitrogen, oxygen, and inert 
materials present; the density of the explosive; and the heat of for-
mation of the reactants. Other required information consists of the 
starting approximations for temperature, density, and X., the four 
i 
independent variables used in the composition calculations. 
The results desired from the solution are the detonation velocity, 
temperature, density, and pressure; the heat of reaction; and the reaction 
product composition. The explosion state results are similar, with the 
exception of velocity, which is meaningless; and the density, which is by 
definition equal to the original explosive density. It is also desirable 
to have access to the intermediate results for use in checking hand calcu-
lations, to observe whether the solution is converging, and various other 
uses. 
The range of the variables is extremely important in writing a 
machine-language program for a fixed-point computer. The basic LGP-30 
information word allows the use of an approximately nine decimal digit 
II. 5 
number (a word consists of 32 binary digits, of which 30 may be used for 
the numerical value). Although the number range is always between O and 
1, as far as the computer is concerned, the location of the decimal point 
(or binal point, in the binary number system) may be thought of as being 
wherever the programmer wants it to be, through the use of a scale 
factor. The relative position of the binal point must be chosen at each 
step of the program, and is usually selected to accommodate the largest 
possible value at that step. If this value is exceeded during compu-
tations, its most significant digits will be lost. The condition is 
known as "�y-�_;-fl(?w". On the standard LGP-30, overflow will halt the 
computer, and, if manually restarted, it will cause the generation of 
completely erroneous results. Should a considerably smaller value than 
that anticipated appear, there will be�- loss of accuracy by truncation 
of the least significant digits. This very small value could also be 
the cause of overflow, if used as a divisor. In general, it is essential 
to be aware of the range of each variable, and desirable to reduce the 
range if it is quite large. 
In th�---��piosive parameter problem, variables with troublesome 
ranges were found in the composition calculations. These iterations are 
carried out in terms of four independent variables, Xi
, defined in 
Appendix A, which were specifically chosen (
4) for their relatively small 
variation with temperature and density. 
The other variables involved in the composition calculations are the 
equilibrium constants, Ki, which are functions of temperature, and the 
fugacity factor, F, which is a function of density. The K
i 
may assume 
values from 1.5 x 10-
23 
(K24 
at 1000° ) to 1.0 x 10
4 
(K21 
at 6000°) , and 
F ranges from 2. 4 at a density of 0.5 to 2.7 x 10
5 at a density of 2.2. 
In order to avoid the difficulties associated with these extreme variations, 
sub-variables are used, r., such that the gaseous products, Y., are 
l ---- -- __ ],. __ 
II.6 
functions of X. and r. only, where )'1.. are functions of· the equilibrium 1. 1. 
constants and the fugacity factor. For a given temperature and density, 
the functions F, K., and r. are evaluated as "floating-point" numbers, 
1. . l 
using the standard Royal-McBee 24.0 Floating Point Interpretive Routine, 
which eliminates the difficulty of placing the binal point. The 7., 
1. 
which vary over a much smaller range than either K. or F, are then 
1. 
"unfloated" into the standard machine-language format for further use. 






and the other 
major variables, chosen on the basis of rough calculations with the 
largest possible values ( or, in the case of divisors, the smallest values) , 
is given in Appendix B. 
B. Numerical Analysis 
Values for the equilibrium constants, heat capacities, fugacity 
factor, covolume, and the slope of the covolume curve, (ct:X/ov), have been 
tabulated by Cook (
4) 
and Clark (
9) . It is possible to store such tabular 
data and recall particular values as desired, by means of a "table look-
up" subroutine. In terms of storage requirements and operating time, 
however, it is usually more economical to fit simple empirical curves to 
the tabular data, store the curve coefficients, and compute the functions 
as required . 
With the exception of the heat capacities, which were fitted by 
Cook (
4) , this has been done with the aid of a standard Royal-McBee least 
squares curve fit routine. The values of the coefficients produced are 




= A+ (B/T) [l + (C/T)] ii. l 
II.7 
ln K = A+ T'[B + T'(C + DT')], T' = 1000/T ii. 2 
ln F = A+ p[B + p(C + DP)] ii.3 
a =  A+ P[B + P(C + DP)] ii.4 
(ca/ov) = A+ BP s 
ii.S 
After determination of the reactipn products for a trial density, 
equation (a.11) is used to determine a value for�- If the� from equa-
tion (a.12) does not agree with this value, the density is in error, and 
a new density (or its reciprocal, specific volume) is tried in equation 
(a.12) until the two� values agree. The corrected density is then used 
for reiteration on the composition. 
To facilitate coding of this iteration on the density, an approxima­
tion of the Newton-Rap�son recurrence formula (
lS) : 
was used with equation (a.12) , taking a partial rather than the total 
derivative of a with respect to v
2
, and ignoring the fact that� is a 
fun�tion of v
2




� - v2 + 
a 
(&i/av) -� - 1 
ii.6 
In use, new values for ?n,/ov; a, and� (because of the change in ?x:i,/ov, 
equation a.11) are computed for each iteration, which continue until 
the change in v2 
is less than the allowable error in v
2
. Although this 
relation would be rather cumbersome for use in hand calculations, it has 
proved to be very efficient in all cases encountered thus far. 
When the composition-density relationship has been satisfied, a new 
II. 8 
temperature i.s computed, using equation (a.14), and is compared with the 
previous temperature�. If the change is greater than the allowable error, 
a weighted mean of the two values is made, and the program returns to the 
composition and composition-density iterations. Obviously, the least 
possible number of iterations on temperature is desirable. The magnitude 
of the change in temperature is also important, since a large temperature 
change will effect a large change in the product composition, which will 
in turn cause a large change in the density. Thus, an efficient correc-
tion formula for temperature will reduce the number of sub-iterations on 
composition and density for each change in temperature, as well as the 
number of major iterations on temperature. 
It was noticed that the computed temperatures tend to oscillate 
about the final value, with a rapidly decreasing amplitudeo To prevent 
this very undesirable oscillation, the following relationship was 
devised: 
T = (kT" + T') /(k + 1) ii. 7 
where: k = J 1000 /(T" -
T') I 
T" = most recently computed value 
T' previously computed value 
T = new trial value 
The correction is similar to a simple mean for a very large change 
in temperature, with more weight given to the most recentiy computed value 
as the change in temperature decreases. 
C. ProgratlDlling 
11.9 
Figure 11.2, a simplified flow chart of the detonation state solution, 
illustrates the overall sequence of operations. Each of the logical 
sections was written as an independent, relocatable subroutine, to provide 
maximum flexibility, and to facilitate coding and debugging. 
A particular portion of memory was reserved for temporary storage of 
all those intermediate results referred to by more than one subroutine. 
All referenFes to this storage were coded with "absolute" addresses which 
do not change, regardless of their location within a subroutine. The 
majority of instructions have "relative" addresses, relative to the 
initial location of the subroutine in which they appear. 
Thus, all of the instructions which refer to Y
6
, for example, have 
the same address. This principle was also followed for the more common 
constants, and for the standard subroutines, such as the square root and 
exponential subroutines. The majority of these fixed locations were 
chosen prior to writing the subroutines, which proved to be very helpful. 
To connect the various subroutines into a problem-solving unit, 
another set of instructions, the "linkag�" subroutine, was required. A 
very simple linkage, closely following Figure II.2, was written to allow 
checkout of each subroutine as it was completed. The present linkage is 
consideralily more complex, as it includes checks for erroneous and out-of­
range results, together with provisions -for simple (in terms of operator 
effort) correction procedures; provides different computation paths for 
positive and negative oxygen balance cases; and allows for the required 
differences in procedure for the detonation and explosion state computa­
tions and printout. 
The sequence of operations was chosen, in general, to avoid re­
dundancy without los s  of accuracy; _ and to generate the various functions 
x + & .. x 
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etc . )  only as requi.red , thus minimi. z i.ng the storage requirements 
by allowing multiple use of the same storage locations o As far as 
possible , only those func.ti.ons of X . are i.nc. luded wi.th in the composi.tion 
1. 
loop , for example ,  and functions o f  densi. ty and tempera ture are not re ·-, 
computed by an iteration on X , o  
1 
The present program does not take full advantage of the multiple ··· 
use storage concept � si.nce i. t was fel t to be desirable to have the inter�· 
mediate resul ts available for i.nspe c.tion at any t i.me " Intermediate 
results are extremely use ful in program debugging , as wel l as for use of 
the program as an instructional ai.d o The logic of the var .ious subroutines 
and the l inkage is such that multiple storage may be accomplished very 
simply, however, if more s torage space should be required . 
Perhaps the most useful charac teristics of the stored-program com·-
puter is the abi.l i.ty to internal ly modi fy instruct ions. Since machine-
language numbers and instructions are stored in exactly the same manner, 
the instructions may be operated upon as numbers to change the instruction 
address and /or operation code . Ihi.s feature allows repet i.t ive operations 
to be performed by executing a few instructions many t :i.mes, with 
instruction modi fications before or after each execution 1 thus conserving 
s torage space. Since additional " bookeep i.ng" operations are required to 
per form the proper modi. ff.cat ions the proper number of  times , these loops 
usually increase the operating ti.me .. 
Some computations are par t i.cularly amenable to looping procedures, 
some are not, and almost all programs represent a compromise between 
minimum storage requirements, operat ing time, and p·rogramming e ffort. 
I.n wr i.ting the explosives parameter program, the emphasis was in the 
di.recti.on of  minimum time ,  since i.t is a long probl em at best . However, 
since it i.s also a long problem in terms o f  ari.thme t :i. �: operat ions and the 
II. 12 
number of stored constants required, it wa s felt that l-0ops would have to 
be employed wherever pos sible to avoid exceeding the LGP-30 storage cap-
acity. This proved to be correct, as the present program leaves approx-
imately 300 storage locations unused. 
As an example of these compromises, the two sums � LY. C . and LY. C . , 
1 V 1  1 V 1  ' 
would require a minimum of 270 instructions and 90 constants for computa-
tion without looping, while the loop actually employed requires only 40 
instructions and 102 constants, thus saving 218 storage locations. The 
loop, with many optimum addresses, computes either sum in 4. 5 seconds, 
while the straightforward method w ould require a maximum of 3. 9  seconds,  
assuming no option addresses. In terms of progrannning effort, the loop 
was perhaps two or . three hours longer than the straightforward method, 
which would have requ ired almost no effort. 
Complete information concerning the various subroutines is contained 
in Appendix C. This includes written descriptions, annotated coding 
sheets, and flow charts, which should provide sufficient information for 
any future modifications, or for re-progrannning into the language of 
another computing s ystem. 
D .  Program Checkout 
Few programs are written without errors, simply because of the many 
possibilities for error which exist between problem , conception and program 
execution. Logical errors may be made in the initial translation from the 
physical problem to the mathematical statements which describe it , in the 
numerical analysis of the problem, and particularly in the programming. 
Loops provide many opportunities for logical errors, and, in general, 
the more efficient the loop, the more complicated is the logic involved. 
Certain mathematical procedures may not be true for all cases, one of the 
II . 13 
alternatives  may be forgotten, or the criteria for dist inguishing between 
the various alternatives may be incorrectly chosen or stated. Fi.nally, 
the location of the binal point may be incorrect in a fixed-point program, 
which may stop the computer, lose all of the significant digits of a 
number, or cause the formation of incorrect sums o 
Coding provides many opportunities for error, since it involves 
typing and writing large amounts of similar quantities. Numerical 
constants may easily be written with omitted or transposed digits, or the 
whole number may be omitted or transposed . Instructions may have incorrect 
addresses or  operation codes, resulting in wrong operations on the wrong 
data, or transfers to the wrong program locations. Such errors lead to 
very mysterious results in some cases, in which it is quite difficult to 
relate the causes to the effects . 
One method of both avoiding errors and simplify ing their detection 
is by writing the code in such a manner that it is easy to check. This 
approach was used in the present program in several ways. As previously 
mentioned, storage locations were chosen for the more connnon constants, 
prior to coding, and these location s were picked to correspond in some 
manner with the particular constants .  For example, a table of scaling 
factors was located so that parts of the addresses and scaling factors 
corresponded. Thus , a 1 at q = 29 was stored in location 1729 . Similar 
examples from the intermediate results include the densities, P1 
and A2 
in locations 6041 and 6041, and the decomposition products, y1 
through 
y15, stored in locations 6101. through 611.2.. Correspondence of this type 
is  a very powerful coding and checking aid. 
Break ing the program into many separate subroutines also assi sts in 
error prevention and detection. A short program may be written and 
checked before details o f  the logic involved are forgotten, materially 
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reducing the time required for each. In addition, the .overall effort of 
finding an error is much less if there are relatively few places for it 
to occur, and full attention may be given to only t�ose few places. 
The primary method of detecting errors in a computer program is by 
comparison of computer resul ts and hand calculations , A complete set of 
hand calculations for the detonation state parameters of a 92 percent 
annnonium nitrate and 8 percent fuel oil mixture, carr ie� out as classwork 
in a course on the theory of high explosives, was used as the major 
debugging aid for the present program . As a subroutine was completed, 
its performance was checked with the corresponding portion of the hand 
calculations . Usually, the entire program up to that point would also 
be checked, to ensure that the subroutines performed properly_ together 
as well as separately. Finally, all of the subroutines and the linkage 
were checked agains t  the hand calculations. 
Various methods may be used to trace the cause of any disc�epancies 
between hand and computer results. Since the cod ing sh�ets are checked 
before computation, and are assumed to be correct, the first step in 
error detection is to determine if the contents of the computer memory 
are in agreement with the coding sheets . Instructions may be printed out 
by one of the standard "decimal memory printout" i;outines avaiiable for 
the LGP-30, or they may be read directly from the cpnsole osc illoscope. 
To facilitate printing out data and results in a reflpily legible 
form, an "output driver" was written for the particular data output sub ­
routine normally used by the program . This driver generates , stores, and 
causes the execution of the codewords required by the output subroutine, 
on the basis of a single typed-in codeword specifying the locations, 
quantity, and scaling factor of the numbers to be printed . 
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approximations for the detonation state temperature, density, and 
product composition variables, X . ,  are obtained by calculation, 
. i 
or by estimation from the detonation state parameters of other 
explosives. 
The composition of an explosive mixture is connnonly expressed 
in terms of the weight percent of each ingredient present, as, for 
example, 94 percent ammonium nitrate and 6 percent fuel oil . These 
values may be readily converted into the required gram-atoms of C, H, 
N, 0, and other e lements present per 100 grams of explosive, through 
the use of Table B.I, which lists the atomic composition of 14 
conunon explosives and explosive ingredients. A more extensive 
table of this type is given by Cook (
l9) . 
Elements other than C, H, N, and O may be included by specifying 
the product molecules formed (which are assumed to be inert) , and 
adj usting the reactant oxygen, 0 ,  for the oxygen consumed by these 
0 
products. Provisions have been made in the program for sulfur, con-
sidered to form so
2
; sodium, which forms Na
2
o ;  and calcium, which 
goes to CaO. The adjusted O for these products is 
0 
The use of a blank product, Y
19
, allows consideration of any one 
other inert material. A representative average heat capacity, 
c
v19
, should be entered if Y
19 
is used, and 0
0 
must be a djusted 
for any oxygen consumed by this product, in the manner indicated 
above. 
The heat of formation of the reactants, .Lill
f
, is calculated 
in the same manner as the composition, through the use of Table 
B. I, and adjusted for the inert products (including Y19
) as was 00
. 
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Table B. II includes the neces s ary values for the heats o f  formation 




o, and Cao, with a positive heat of  formation indicating 
heat given o f f. 






, since they vary widely with different 




for liquid or solid explos.tves has 
been found to be fairly constant, however, which allows 'the deter-
mination of a reasonable density value from 
( 20 )  
or from the relationship 
( 2 1 ) 
The detonation s tate temperature is normally in the range 
2000 ° K < T
2 
< 6000 ° K  
and, in general, increases with the density o f  the explosive. 
The results o f  theoretical calculations for the detonation 
state parameters of many different explos ives are available in 
i i . 8  
i i . 9  
the literature, and these are useful in e stimating a temperature 
for the explosive in question. 
Accurate values for X
i 
may be obtained only as the result o f  
detailed calculations. However , Cook (
2 2) states that the values 
x
l 
= 1 .  0 ,  X2 
= 1. 0 ,  X
3 
= 0 . 1 ,  X
4 
= 10 ii . 10 
are usually within a factor of 1 0  of the true Xi. 
If  the starting approximations for x
1 
are too far from the 
correct values, the iterative composi tion calculations may either 
not converge, or may converge to incorrect X
i
. The program 
includes a test o f  the X. as they are computed and executes 
. 1. 
an error printout if any o f  the four values are not within 
predetermined ranges. Since new X
i 
values may be input follow ­
ing this printout, the program itself may be used to compute 
starting approximations by beginning with the values given by 
(ii.I O) , and changing them as required until convergence is 
attained. Values of X
i 
are not required for a positive oxygen 
balanced explosive, because of the s implifying a ssumptions made 
in this case. 
The desired accuracy of the results is specified as the 
allowable errors· in X., specific volume, and temperature. 1. 
These allowable errors are not completely independent, as  dis-
cus sed in Chapter III, and some combinations could lead to no 
II.18 






= 5 x 10-
4 
cubic centimeters per gram 
= 5 degrees Kelvin 
= 5 x 10-
4 





' only that accuracy actually 
required should be speci fied. 
2 .  Data Tape Preparation · 
The data is punched in the format indicated on the data load 
sheet, Table II. I. Specific instructions as to what will be accepted 
by the Primary Data Input subroutine are given in its description, 
TABLE II . I 



















DATA INPUT FORMAT UNITS 
gram-atoms/100 





































; centimeters gram 
degrees Kel vin 
1/ Less the oxygen required by the inert materials ( so2 through Y19) . 2/ Any inert material. 
3/ Must be loaded as zero for the present program. 
4/ Less the heat of formation of the inert materials, if present. 
5/ Representative value for Y
19 
at the predicted temperature. 
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pages C. 20 and C.21. Only tho se items in Table II . I  wh ich are 
followed by a stop code ( ') are punched,. which includes every­
thing in the first and third columns. The code words do not have 
to be punched in the order given, but all of the data words must 
be punched for each codeword, and must be in the indicated 
sequence, with a zero for each desired blank data word. 
The decimal point is not punched for any o f  the data words, 
and is included on the data load sheet only to indicate where 
the computer will consider it to be. Typewriter format functions 
such a s  spaces, tabs, or carriage returns are not punched, and 
leading zeroes in a data word may or may not be punched, as 
desired. 
The values input a fter the "moles" and error" codewords are 
not changed by the program operation, and may thus be used for 
other s 1milar problems without reloading . All other input infor-
ma.tion is changed in some manner during the course of a solution, 
and may not be reused in this manner. 
The final item- on the data tape must be a zero codeword, 
indicated on the data load sheet by an extra stop code (since 
leading zeroes need not be typed, and a zero codeword may be 
thought of a s  all leading zeroes) . 
3. Operat ing Procedures. 
The explos ive performance parameter program is punched on 
two separate tapes, which may be loaded in either order. These 
are hexadecimal tapes,  and must be loaded by the standard 10. 4 
Program Input Routine, as  described in the Royal-McBee LGP-30 
Subroutine Manua1 <
23) . I f  the tapes do not load correctly, the 
typewriter will print "error" at the end. I f  they do load 
II. 2 1 
correctly, there is no indication other than a stop at the end 
of each tape . The shorter of the two tapes, designated ESR 0, 
requires about 3-1/2 minutes to load on the photoreader, and the 
other requires about 4-3/4 minutes . Loading these tapes on the 
typewriter would require about 25 and 35 minutes, respectively . 
The following settings should be made after the program 
tapes are loaded . 
Photoreader: 
Output switch to TYPEWRITER . 
Input switch to TYPEWRITER . 
Console: 
POWER ON depressed. 
OPERATE depressed. 
NORMAL, ONE OPERATION, or MANUAL INPtIT depressed . 
All other buttons up . 
Flexowriter: 
Connect switch ON. 
MANUAL INPUT depressed. 
All other buttons up . 
Tabs should be set for four columns, with an automatic 
carriage return after the last colunm. 
Data may be loaded by the use of a data tape, previously 
prepared as  described above, or it may be typed in manually . 
If a data tape is used, it should be put in the typewriter 
tape-read unit at this point. 
The console control buttons are now depressed in the 
sequence ONE OPERATION, CLEAR COUNTER, NORMAL, and START . This 
sequence, abbreviated a s  "OCNS", transfers control to the 10 . 4  
PIR , which turns on the typewriter light to indicate that 
information may be loaded into the computer. The 10. 4 PIR 
codeword ".0002600" should be typed, and the typewriter 
START COMPtITE button depressed twice, which transfers to the 
initial location of the explosive parameters program . The 
typewriter executes several carriage returns, "DATA: "  and 
another carriage return are printed, and the l ight is again 
turned on. 
If the data tape was prepared, the typewriter MANUAL 
INPlIT button may now be raised, and the tape wil l be read 
and computation begun. If the data is to be typed in manuall y, 
the button is  not raised, and the codewords and data are typed 
as in preparing a tape, except for . a depression of the type­
writer START COMPUTE button in the place of each stop code. 
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The typewriter executes a carriage return before each codeword, 
and follow s  each with a space. If it is desired to distinguish 
between the data words, a space may be typed before each of the 
words. Nothing should be typed after a word and before the 
depres sion of the START COMPUTE button, however. After all of 
the data has been loaded, an additional depression of the START 
COMPUTE button will load the zero codeword to signal the end of 
the data and start the computation. 
4. Program Printouts. 
The lower case l etters "k", "x", "v", and "t" are used to 
indicate the state of progress of the solution, as  well as to 
provide a permanent record of the number of iterations required 
for the solution of each problem. The letter "k0 indicates that 
the equilibrium constants, K . , have been computed, and the 
1 




, and 'I', respectively. 
The relative position of these letters in the course of a 
solution is shown on the Linkage Subroutine flow chart, given 
in Appendix C ,  and their typed form i.s shown i.n F igures II . 3  
and IL 4 o  
Depres sion of the console TRANSFER CONTROL button will 
cause the printout of new values for � .  and X . ,  6-v and v, and 
1 1 
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T, as  they are computed. The button may be raised and depressed 
at the appropriate times (indicated by the corresponding l ower 
case letters) to get only tho se printouts desired. 
The console SIX BIT INPUT button may be used in conjunction 
with the TRANSFER CONTROL button to omit iterations on external 
control. For example, if a value is computed and printed for T 
which is within six degrees o f  the previous val ue, and the 
specified E
T 
is five degrees, another compl ete cycle through the 
program would be required before the final results would be 
printed " This may be avoided by depressing the S IX BIT INPUT 
button during or illDllediately following the temperature printout, 







may also be omitted in this manner, but 
only if both of the buttons are depressed . This is not the normal 
function of the SIX BIT INPUT button, and it should be left in the 
raised position unless being used as  above, to avoid difficulties 
during any subsequent input operations o 
Tests were included in the program to forestall error halts 
due to out-of-range variables and operator errors, and to a l low 
the u se of simple correction procedures for any errors detected. 
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An error is indicated by either a carriage return or a tab, 
followed by one o f  the fol low ing error codes (printed in the 
opposite col or, i.f a two color ribbon is used) : 
e-1 :  This code indicates that a mistake was made during 
use of the Primary Data Input subroutine. The mistake would 
commonly be an incorrect codeword, or the wrong number of data 
words following a codeword. The computer stops at location 
2632, and, i f  restarted by depressing the typewriter START COMPUTE 
button, returns to the Primary Data Input to allow a correction 
to be made o 
e - 2 : This code indicates that one of the X . values is 
1 
out o f  range, as tested by Subroutine 6b.  The current values o f  
l:JC .  and X. are printed, and the computer trans fers to the Primary 
1 1 
Data Input to allow new values to be loaded o This is accomplished 
by typing the "x" codeword and four X. values, exactly as described 1 
for the initial data input .. When the zero codeword is loaded (by 
depression o f  the START COMPtrrE button) , the computer returns to 
Subroutine 6b to test the new values o If  they are within the 
proper range, computations continue, and if not, the above pro-
cedure is repeated " 
e-3 : This code indicates that the density, p 2
, is out of 
range, and i.s followed by a printout o f  v
2 
and 6.v . The computer 




, in the same manner as described above for X .. 
1 
e-5 : This code indicates that the precautions against loading 
a value for aluminum were not followed. The computer returns to the 
10. 4 PIR immediately after the error print. To re-enter the explo-
sives program, the 10. 4 codeword 1 1 0 0002600" must be typed, followed 
by two depressi.ons o f  the START COMPUTE button o This w i ll 
enter the Primary Data Input rout i ne, and the "moles" code -
word and corrected data words may b e  i.npuL 
I f  compl e te} y erroneous X.  values are input at the begin-
1. 
ning of the problem, it i s  qu ite poss ible that the program w ill 
halt due to overfl ow before the X Test subrout ine is reached , 
I f  this should occur ,  the START COMPUTE button may be depres sed 
as often a s  necessary to reach the X Test and the following 
"e-2" error printout c 
Timing problems may arise when the program is  used with 
different typewriters,  which may cause the typewriter carriage 
to become j annned " This condition can usually be corrected by 
typing a carriage return '.! or by manual l y  moving the carriage. 
The print format is shown in :Figures II . 3 and II. 4, which 
were p rinted by the typewriter under the direct control of the 
computer . The resul ts are printed with approximately the same 
number of digits as used in the computations,  which gives a 
somewhat mis leading idea of t he accuracy of the results,  since 
all of the digits printed are not significant. The computer 
considers the input values a s  exact numbers,  however, and all 
calculations are carried out on this basis . 
If the TRANSFER CONTROL button is  depres sed at the end of 
a printout, either detonation or explosion state, additional 
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values are printed for many of the intermediate results , without 
headings or units . These are fully  des cribed in Appendix C, 
Subrout ine 18 . Any other intermediate results des ired may be 
obtained by use of the Output Driver � also described in Appendix 
C, with the coding sheets  for the intermediate results used to 
.oooo6oo 
DATA: 
moles• 426oo • 5t;49�) ' =�'4810 ' 352310'  • • • • ' r. r,;_ �-. t l02468o t 350CXX)O t I 
dens :i.ty• 1000000 • 1�0<.)()()() • 
�-< ' lOOC..00 1 l.OC>OOO' lOO<XX>' 100000 1 
error' 50' 500000 ' 50'  
looooocvxxxvt-looocvtkxxvt 
I>E'l'tEATI<Ji STATE 
GAS CG1PmITI<E (mol/lOOgm) 
mDROOEN NITROOEN CARBDICIC 
.�{,6()6 1 . 161.493 .3831ll 
IJ,I.ICfiIA ME'"l'BANE METHANOL 
-�3587 .000035 .ooo833 
HIDR<JCYL NITROC AT01IC H 
.003162 .001519 . 0000533 















11 . 26 
VEL<X:ITY' • 5249. 5620 m/sec, 17222.938 fps DENSITY '-= 1 .3339CY70 f!Jn/cc 
T!J4P!!RA'IURE • }277 .t5888 deg K � • �3. .•. T! -a.tm �--
_Q • ·9-;�.�442 cal./� : _ AVG HT CAP • 37 .6146 co.l/lOOr!}n deg K 
loooocxtlocxtlcoct 
GAS· :cCMPOOITI<E {mo1/lOOgJn)_ 
HYDRCXlEN . NITRCX2J.l CARBDICJC CARlMNX WA1l'ER 
.o4$4}7 . 1 .170929 . 375556 .o498(Y� ,:) r-�18887 ,. r .  
»NtnI.A . ME'DIANE  METHANOL FC&ltCACJI; <'Jii.1GEN 
.005833 .()()()()05 · .000036 .000594 .C'-1001.5 
HmROCYL NITRCIC ATCKtC H A'l'Btl.C F A'i"'<MJC 
.001652: .OO()l4()5 .0000621 .()()()002() .O(X)OlW 
Xi �,0�03 . i_.o&:-()()52 i.1.379009 .33004t� 
�'IURB -. , 2�.7073 deg K --- - - -
AVG· B'l' CAP • 36.42<>14, ca.J../100gat deg K 
NEGATIVE OXYGEN BALANCE SAMPLE PROBJ.EM 
·FIGURE 11 . 3  
.00026oo' 
DATA: 
moles '  50310 1 483580•213050 • 370370 • • • 1 1 1 
heat • 1057200 1 3500000' ' 
density' l.O<XX>00 1 l330000' 











EXPLOOIVE 80 /10 /10  
OCYGEN 
. 139799 
AN /NG /Ce l lul o s.e 
11 . 27 
VELOCITY = 4985 . 7735 m/sec, 16357 .492 f))s DENSITY = 1 .3334865 fgn/cc 
'I'Fl-1PERATURE � 3113 .2385 deg K PRF.SSURE = 61358.43 at.m 
Q = 813 . 5111 cal/gm AVG HT CAP = 35 . 5063 cal/lOOgm deg K 
ttt 
EXPLOOICII STATE 









'!'EMPERA'IURE = 2662. 4638 deg K PRE5SURE = 28o57 .90 atm 
Q = 813 . 5111 cal/gm AVG HT CAP z: 34 .4239 ca.1/lOOg;.n deg K 
POSITIVE OXYGEN BALANC E SAMPL E  PROBL EM 
FIGURE II . 4  
determine the location and scaling factors of the desired 
numbers . 
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Figure II . 3  is the printout for a slightly oxygen-negative 
explosive mixture of 94 percent annnonium nitrate and 6 percent 
fuel oil . The number of iterations for the detonation and explo ­
sion states is given by the sequence of lower case letters inmed­
iately above their printout titles . This particular problem was 
completed in 12 minutes, which includes 5 minutes of computing 
time f or the detonation state, 3 minutes for the explosion state, 
and about 2 minutes for each of the two printouts . The direct 
typewriter print would not fit on a page, and was edited to the 
extent of taking out some carriage returns . 
Figure 11 . 4  is reproduced exactly as it was typed during 
the computations. This explosive was slightly oxygen-positive, 
and was composed of 80 percent annnonium nitrate, 10 percent 
nitroglycerin, and 10 percent cellulose .  In the positive oxygen 
balance case, the reaction products are assumed to be direct 
functions of the reactants , and iterations are performed only on 
the density and temperature, which materially reduces the time 
required for a solution " Operating time for this sample problem 
was approximatel y  3- 1 /2 minutes, which includes 2 minutes for 
the printout . 
III. I 
CHAPTER III 
ERROR ANALYSIS · 
Numerical computations involve several types of errors, including 
roundoff and truncation errors, mistakes, and errors due to the approxi-
mate nature of the methods and physical laws. This discussion is 
primarily concerned with an investigation into the growth of roundoff 
error and its effects on the expl osive performance parameters. 
Roundoff error s are iefined as those errors due to the use of 
approximate n digit numbers to represent exact numbers which have more 
than n digits. The absolute error a �.sociated with an approximate number 
is less than one unit in the nth digit, and the number is said to have n 
significant figures ,  where n is the number of digits a ssumed to be correct 
starting at the left with the fir st nori-zero digit and counting to the 
right. The relative error ( absolute error /true value) of an approximate 
number correct to n si.gnificant figures is less than 
where k i. s the first significant figure (except for the trivial case i� 
which K ;  1 and is the only non - zero digit) (
24> . 
A. Analytical Method 
The method of investigating the e ffects of errors in multivariate 
functi.ons is discus sed in the standard numerical analysis texts , such as 
those by Scarborough <
25
) ,  Kun/
26 ) , or Nielsen (Z 7) .  
In general, if 
y . ' x ) n iii , 1 




, . . . , oxn are introduced, there wil l  also be an 
error in the function, such that 
iii. 2 
The right hand side o f  (iii.2) may be exp�nd�d in a Taylor ' s  series, and, 
i f  8xi 
is smal l relat ive to xi
' on ly the f irst degr�e terms need  be 
retained, which gives 
y + 8y = f(x1 + 8x1
, x2 + o
x2
, . . . , xn + 8xn) 
= f(x1, x2, . . . , xn) + ( of/ox1) ox1 + 
. + ( o f  /ox ) ox n n 
iii.3 
Subtrac ting (iii.1)  from (iii . 3 )  give� the error in the function in the 
form 
iii . 4 
The errors may be e ither pos itive or negative in s ign , and may be 
compensating to some extent . The maximum possible e�ror in y is 
expressed as 
iii.5 
The relative error in the function is s imply ( iii . 4) divided by y, or 
iii.6 
If the ind ividual errors may be assumed to follow the �orma.l law o f  
by
( 28)  
error, the probable  relative error in the function is given 
iii.7 
III.3 
The above rela tionships are useful in determining the error in a 
function due to the errors in the vari.ables. · A related problem i.s that 
of  determining wha t errors in the variables �y be tolerated, and still 
stay within a speci fied allowable error in the function . This problem is 
indetermina te, since the individual errors may be comb
.
ined in many ways to 
achieve th_e required error in the function . The assumption may be made, 
however, that the errors in the variables will have equal effects on the 
error in the function, or, in terms of  ( tii.7 ) ,  
iii. 8 
where i re fers to any one o f  the n v�riables , in turn. 
If knowledge of the magnitud e  of the errors may be obtained by some 
other means, it is possible that the e ffects o f  some o f  the errors would 
be negligible. According to Scarborough <
29 > , the e ffect o f  a particular 
variable on the error in the function m,iy be neglecte
.d i f  
iii . 9  
Use of this criterion allows simplification of the general problem, bu t 
only if some idea o f  the magpitude of Bx1 
is available .  
The investigation o f  the explosive parameters problem was developed 
in stages, since any eq�ations attempting to link the input data and 
final resul ts direc tly would be c ompletely untractable .  The following 
partial derivatives , the first st�p in applying the error investigation 
concepts developed above , were taken from the corresponding equations 
given in Appendix A (indicated by the numbers in parentheses), with a 
few exceptions . 
B(D) = (D /vl) B(vl ) + O . S(n /.Eyi) o(�i) 
+ O . S(D /T2) B(T2 ) + 
O . S(D /�) 5(�) 
- [ D / ( v 2 - 0:) ] 5 ( v 2) - [ D / ( v 2 - o:) ] 5 ( <;) 
o(p) = (p /LYi) o(EYi) + (p /T2)5(T2 ) 
- [ p I ( v 2 - o:) ] o ( v 2 ) - [ p I ( v 2 - o:) ] o < a:)' 
5(T2) = [ � /(�EYiCv i -
O . SREYi) ] o (Q2) 
+ [ �(T2 - T1 ) /(�EY . c  . - o .
sREY. ) ] o(EY . c  . )  
1 V 1  1 1 V 1  
- ( T2 (0 .  SREY . ) /(�) (f:3LY . C . -
0 .  SREY . ) ] o(t,) 
1 1 V 1  1 
+ [ T2 (0 . SR) /(�Y . C .  - O . SR�Y . ) ] B(EY. ) 1 V 1  1 1 
+ [ t,(EY. C . ) / (�EYiC :· - 0 .  SR.LY . ) ] B(Tl ) 1 V 1  V1 1 
o(Q) = B(EY .6H . )  - o(LJHf) 
1 1 
o(EY .� . )  = E[ (Y . ) o(M . ) ] + E [ (M . ) B(Y. ) ]  
1 1 1 1 1 1 
o(LY . C . )  = L[ (Y . ) o(C . ) ] + L[ (c . ) B(Y . ) ]  
1 V1 1 V 1  V 1  1 
5(v2) 
= [ (vl - v2) /(� + 
l ) ] o(�) + [ 1 /(t, + l ) ] o(o:) 
+ [�/ (� + l ) ] o(v1 ) 
III . 4  
ii. i . 10 
(a . 10) 
iii . 1 1 
(a . 9 ) 
iii . 12 
(a . 14) 
i ii . 13 
(a . 15 ) 
i ii . 14 
i ii . 15 
i ii . 1 6 
(a . 12 ) 
o(EYi) = (1 /x1)(y1 + Ys + l . Sy6 + 
2y7 + 2y8 
+ Yg + O . Sy11  + O . Sy13 ) B(x1) 
+ (l /x2) (Zy2 + y6 + Y12  + Y14)o(x2) 
+ (l /x3) (y3 + Y5 - Y7 + Y9 + ZylO + Y1 1  
+ Y12  + Y15) o(x3 ) 
+ (1 /x4) (
y3 + y7 + Yg + y9) o(x4
) 
- (1 /F) (O . Sy1 + O . Sy3 - 0 . 2Sy6 - O . Sy8 - O . Sy9 
+ 0 . 2Sy11 + 0 . 7 Sy13 + O . Sy14 + O . Sy1 5) o(
F) 
+ <Y13 IK3) o(K3) + (y5 /K5) o(K5) 
+ <Y14 /K6) 6(K6) 
+ <Y1 0 1Kg ) 5(Kg ) + (y7 /K1 2) 0 <� 2) + <Y1 1 1K13) 5(K1 3 >  
+ (y1 2 /�4) o(K14) - (y6 /K15)o(K1 5 ) - (y8 /K21 ) o(K2 1 ) 
+ (y9 /K22) B(K22) + (
y15 /K24) B(K24) 
iii . 1 7  
o (y6) = ( y6 /x2 )B (x2 ) + 1 . S (y6 /x1 )o (x1 ) 
+ o . 2 s ( y6 /F)o (F) - (y6 /K15 )o <Ki s > 
,• 
o ( y7 ) = (y7 /x4)o ( x4) + 2 (y7 /x1 )o (x1 ) 
III . 5  
iii . 1 8 
iii . 19 
iii . 20 
iii . 21 
iii . 22 
iii . 23 
· - (y7 /x3)o (x3) + (y7 /K1 2 )o (K1 2 ) i i i . 24 
o (y8 ) = ( y8 /x4 )o (x4) + 2 ·(y8 /x1 )o ( x1 ) 
+ 0 . 5  ( ya /F)o ( F) - (y8 /K2 1 >o ( K2 1 > 
iii . 25 
B (y9 ) = ( y9 /x1 )o ( x1 ) + (y9 /x3 )o (x3) + (y9 /x4)o (x4) 
+ (y9 /K22)o (K2 2) + 0 .  S (y9 /F)B ( F) i i i . 2 6  
o (yl l )  = ( yl l /x3 )0 ( x3 ) + 0 .  5 (yl l /xl )o (xl ) 
+ ( yl l  /K1 3 )B (Ki 3 ) - 0 .  2S (yl l /F)B (F) i i i . 28 
III . 6 
iii. 33 
iii . 34 
iii . 35 
iii . 36 
The errors in a, ( oa, ov) , and F may be found directly from Table B . V , 
a s suming the value o f  the argumen t ,  p ,  to be exact . Tables  B. III and B . IV 
give similar in formation for the hea t  capacit ies , cvi  
and cvi ' 
and the 
equil ibrium cons tants ,  K . , respectively, as functions of the temperature . 1 
The input data wh ich define s  a part icular explo sive (compos i t ion , dens ity, 
hea t  of forma tion) may be cons idered to be exact , or it may a l so be 
included in the error inves tigation . 
Equations ( iii . 10)  through ( iii . 36) may be evaluated to obtain 
spe cific error in formation for any given explosive , once the parameter s for 
that explos iv e  have been obtain ed from the explosives program . The 9 4 
percent annnonium nitrate , 6 percent  fuel oil explos ive g iven as a sample 
problem in Chapter II will be s tudied as an example of the use  of ( ii i . 10) 
through (iii . 36) .  
Much o f  the required in formation is given in Figure II . 3 .  Additional 
values obtained from the program wh ich are no t shown in the figure are as 
fol lows : 
F = 47 4. 54 
<ootov) = 0. 5101881 
a = 0 . 57 79759 
f3 = 0 . 6858595 ( from equation a. 11) 
!:Yi 
= 4 . 34636 (mol /100 gm) 
EY. C . = 44. 0076 (cal /100 gm ° K) 
l. V l.  
.EY . C  . = 3 7. 6146 (cal /100 gm °K) 
l. Vl. 
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The equations are eva.luated in approximately the same order as given, 
which yields the errors in terms of still other errors, and gives a feeling 
for the impor tance of each. The intermediate steps of  the evaluations are 
omitted for the sake o f  brevity ,  since the operations invo lved are s traigh t-
forward. 
Using the no tation of  equation (iii. 5) , the error in the detonation 
velocity is found to be 
l o(D) l (m /sec) < 5 . 2 (+3) l o (v1) l
(cc /gm) 
+ 6.0 (+2) l o (l:Yi) l (mol /100 gm) +  8. 0 (-1) l o (T2) l (
° K) 
+ 3. 8 (+3) l o <�) I +  3. 0(+4) l o (a) I 
+ 3 . 0 (+4) l o (v2
) ! (cc /gm) iii. lOa 
where the no tation (+3) is use d  to indicate (10
3
) ,  and the µnits are those 
of the respective errors. 
Continuing with the detonation sta te pressure and temperature, 
l o (p) l (atm) S 1.6 (+4) l o(EYi) l (mol /100 gm) 
+ 2. 1 (+1) l o (T2) l
(° K) + 4. 0(+5) l o <v2) l
(cc /gm) 
+ 4. o(+5) l o <a) I 
l o (T
2) l (
° K) < 3. l l o(Q2
) ! (cal /gm) 
+ 9. 5 (+3) l o (.EYicvi) l
(cal /gm ° K) 
+ 9. 6 (+2) l o <t3> I + 1. 5 c+2) l o <.EY. > l <mo11100 gm) l. 
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These equations are significant in themselves , in that they show the 
qualitative ef fects of errors in the other para·meters .  For example ,  it is 
seen that an error in the heat capacity of the decomposit ion products has a 
very great effect on the detonat ion temperature, but that even a large error 
in the temperature has l ittle ef fect on the detonation veloc ity . This l ine 
of reasoning .also indicates that changes in the ambient temperature , T1 
(assumed equal to 298 degrees Kelvin in the calculations) , will cau se only 
slight variations in the detonation velocity . 
Errors in the other parameters must be evaluated to obtain quantitative 
information concerning the accuracy o f  the calculations . S ine� j3 may be 
,, 
calculated in two different ways , the error in � can be found directly, 
from the relat ionship· · 
6 ( �) = I ( 13 ' - 13 ") I = 6 � 2 ( -5) iii . 3 7  
where � ·  is  that determined by the computer through the us e o f  (a . 11) , 
and 13" is  the value from (a . 12) . 
The error in v
2 ma
y be assumed to be equal to the allowable error 
speci fied in the input data , which was 5(-4) cc /gm , or it may be found as 
l o (v2) 1  < 1. s (-1) 1 0 (13) 1 + 5 . 9 (-l) l o (a) I 
+ 4. 1 (-l) l o (v
1) l
(cc /gm) 
The maximum relat ive errors in a, ( o:i/ov) , and F are given in 
i ii . 16a 
Table B .V. These errors may be converted into approximate values for 
the absolute errors (on the assumption that both the tabular valµe� of  
the functions and the computed value o f  the argumen t are known ex�ctly) 
through multiplicat ion by their respective computed values . This gives 
l o (a) I $  6 . 9 (-3) 
III..9 
I B(F) I < 3. 0 (+1) 
and no error for (oa,/ov) , since the approximating curv�s exactly fit the 
tabular data given by Clark (9 ) . 
Similar treatment o f  the equilibr ium constants, us ing the relative 
errors given in Tab l e  B.IV and the tabular Ki 
values given by Clark (
9 ) , 
results in 
l o (K3
) I < 2. 6 (-5) I B (K14> I < 1 . 1 ( - 5 )  
l o (K5) I 
< 2. 9 (-3) I B (Kl S) I .$ 1. 8 
l o (K6) I < 3. 7 ( - 7) I B (K21> l < 2 . 4 (+2) 
I o (K
9
) I < 2. 1 ( -6) I B (K22> I .$ 1. 7 ( -5 ) 
l o (K12> 1  
<:: 2. 1 ( -6)  I B (K24> I  < 6. 8 ( -7 ) 
l o (K13) 1 
< 1. 4 ( -4) 
The errors in the xi may be 
assumed to be equal to th� E
X 
speci fied 
in the input data, which is t he a l lowable relative error in x;i
. Us ing 
this € ' the individual absol ute errors are found to be x 
l o (x1) I ::; 2. 9 ( -4) I B (x3 ) 1  $ 2 . 4 ( -4) 
l o (x2
) I < 5. 3 ( -4) I B (x4) 1  $ 4. 0 ( -4) 
These ox1, the 
6Ki 
and BF found previously, and th� Yi 
values from 
Figure II.3 may now be used to de t ermine the errors in the Yi from 
equations (iii. 18) through (iii. 3 2 ) .  These 6Yi are ,  in units o f  mo
l es 
per 100 grams, 
III. 10 
l o <y1) I =::; 
l o < y2) I =::; 
l o (y3) I < 
l o <y4) 1 =::; 
l o (y5) I =::; 
l' o <y6
) I < 
l o (y7 ) I < 
l o cy8) I =::; 
The sum of these 
8 . 6 (-4 ) l o <y9 ) 1  < 
1. 2( -3) l o (y10)
1 < 
3. 8 (-4) l o (y11>
1 < 
1. 2(-3) l o ( y12)
1 < 
3 . 5 ( -3 ) l o <y13) I < 
8. 4 (-4 ) l o (y14)
1 < 
1. 2 (-6 ) l o <Y15 ) I < 
5. 6 (-5 ) 
errors gives 
l o (�Y. ) I <  8. 4 ( -3) (mol/100 gm) 1.. -
2. 6 (-4 ) 
5. 4 (-7 ) 
6.4 (-5 ) 
7. 1 (-6 ) 
4. 4 (-6 ) 
2. 1 (-7 ) 
7 . 8 ( -8 ) 
which could also have been obtained by the use of equation (iii. 17) . 
The error in !:Y . C . may now be calculated by using the 5Y .  just 
1.. Vl. 1. 
obtained, the error information in Table B. III , and the C . values Vl.. 
given by Clark (
9 ) , which results in 
l o (�Y. C . ) I < l. 6 ( -3) (cal/gm °K) 1. V l..  - iii. 15a 
Using the LR. values from Table B . II ,  an assumed 5 (�. ) of 5.0 (-3) , 1. 1.. 
and the oy. given above, the error i.n the product heat of formation is 1.. 
l o (� . .c£. ) I <  3 . 2 (cal/gm) 1.. 1. -
which leads to the e rror in the heat of formation: . 
l o (Q2) 1  < 3. 7 (cal/gm) 
iii. 14a 
a ssuming that 5 (6H
f
) may be a s  large as 5. 0 ( -1) for the 6Hf 
values given 
in Table B.I . 
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Further evaluation of (iii. 10) through ( iii.12) is now possible. 
Starting with the temperature, 
l o (T
2) 
I < 12 (Q
2
) + 1s (DI. c . ) · i v i  





is as. sumed to be exact. The symbols have no significance other 
than to show where the ind ividual errors came from. The maximum value 
of the uncertainty in T
2 
is  thus 
l o (T2) 
I <  2 8 degrees Kelvin 
and the most probabl e value is, us ing ,-the method of (i ii. 7) , with absolute 
rather than rela tiv.e errors: 
o (T2) P 
= 1 9  degrees Kelvin 
which indicates that the value printed out for T
2 
may · be in error by 
about 20 d egrees, even though the final value was within 5 degrees of 
the previously computed value. 
Using the maximum o (T2)
, the error in the detonation state pressure 
is 
or 
l o(p) I < 134 (�Yi
) + 58 8 (T
2
) + 200 (v
2
) 
+ 2 760 (a) 
l o (p) I < 3682 atmospheres 
The most probable value of the error i s  
o {p) = 2 832 atmospheres p 
iii .  l l b  
III . .  1 2 
whi ch ,  al though a l arge r.mmbe.!'." .  indi cates that  there is ot).ly ab :.)ut a four 
percent uncertainty in the pressure . 
or 
Cont inuing with the de tonat:.on velocity, 
l ei ( D) I < 5 ,  0 ( r;y i) +· 2 2 ( T 2 ) . .l. • 24 ( t3) 
-r· 207 \ct) + 1 5 (v2
) 
I B (D) I < 249 me ters per second 
with a most probable value of 
5 (D) ·- 2 09 meters per se cond 
·p 
whi ch i s  aga in an unc�:;rtainty of approximately four percent .  
i i i. 10b 




= S x 10  gave the fol l ow ing maximum errors in the detonat i.on 
state parameters for a 94 percent ammonium nitrate '.11 6 percen t fue l o i l  
ex.p l os ive: 
6D < 2-49  meters per second 
6p < 36 82 a tmospheres 
51.' < 2 8  degrees Kelv in 
5:EY
i 
s; 0 0084 mol es per 100 grams 
BQ � 3 . J  calories per gram 
· . 1 1 6) 
Some general statements by Eyring, Powel l ,  Duf fey, and F.'arl :in \ 
indicate that the above resul ts are reasonable . They sugges ted that 
cT
2 
should be  smal l ,  since it is almost independent of a ;  that the 
detonat ion ve loc ity wil l have a larger error , since it is dependent on 
II.I. 13 
a as well as the thermal properties o f  the products ;  and � finally, that 
the pressure will be known the least a ccurately . Th is is shown quite 
clearly by equations ( i ii. lOa )  through ( ii i . 12a ) . 
H o  Numeri.cal Method 
The expl osive per formance parameters computer program was designed for 
maximum flexibi l ity, and th is was done in part to al low its use in the 
error investigation. S ince the program was wr i tten in the form of  separate 
sub routines , special-purpose linkage subroutines may be readily progrannned 
to perform particular parts of the calculations, or to print out speci fic 
intermediate results as they are completed o 
Much information may be obtained regard ing th e inter-relationships 
of the variables w ithout modification of the program . One example of this 
would be to solve a problem completely, load the results as input data 
(w ith a change in one o f  the data words) , and re-run the. problem with th e 
TRANSFER CONTROL and 6 BIT INPUT buttons depressed ,. Th is sequence of 
operations would give the changes in the detonation or explosion state 
parameters directly as a result of the change in the input data, since the 
program would not make any corrective iterations between the input and 
printout. 
The 94 percent armnonium nitrate, 6 percent fuel oil sample problem 
was investigated in a manner similar to that described to obtain the 
variation of x1 
with a change in the detonation state density, P z · The 
results obtained were as expected from the x .  definitions, equations 
1. . 
(a . 17 )  through (a. 20) . The variation in x
2 
was almost negligible, wh ich 
i.s readily explained s ince it is not a direc t  function of the density. 
This variation approximated the straight line 
5x
2 
� - 0. 0165p2 
(-. 26 < 5p
2 






are rela t ive errors o The variati ons i.n the other x .  1. 
were also proportional to the change in p 2
, or 
� - 1. 35 5p ,., "-
The much greater changes are due to  the fact that these x .  are func t ions 
i 
o f  the fugacity factor , wh ich is in turn an exponential function of  the 
density o 
A series of problems were run to determine the optimum allowable errors ,  
in terms o f  accurac y  and running t ime o The explos ive used was the 94 percent 
annnonium nitrate, 6 percent fuel o il mixture discussed prev iously, at an 
initial density of ·  ·O o 85 grams per cub ic centimeter 9 Result s  of  these 
problems are presented in Table III. I, with the · final detonation state 
temperature , T
2
, used as the accuracy criterion o 
Tb.e results are not completel y  conclusive with respect to accuracy, 
possibly because o f  the large all owable error in temperature. The 
variation in the number o f  iterat i ons required for a solution i s  
indicated, however , and shows that an approximate result ma y  b e  obtained 
quite rapidly if a l arge value is specified for e . It i s  also seen 
x 
that the results and number o f  iterations are relatively independent of 
the speci fied error in v
2
. This is due in part to the correction pro­
cedure used, equati on (ii o 6) , wh ich is very effic ient for small changes 
in V o  From these and other less systematic inves t igations, it has been 
found that 
E v 
·- 5 x 10-
4
, E T = s �I 
-4 
F .... 5 X lQ -·x 
IIL l S  
TABLE III . I 
VARIATION IN RESULTS WITH ALLOWABLE ERROR 
(94 /6 AN/FO) , pl
= 0 . 85 
Number of Iterat ions 
E E E
T 
T x v v x 2 
1 x 10 -4 1 x 10 -4 10 ° 3241 11 4 3 
1 x 10 -3 1 x 10- 3 10 ° 3247 7 3 2 
1 x 10 -
2 
1 x 10 -
2 
10 ° 3247 6 3 2 
1 x 10 -
1 
1 x 10 -
1 
10 ° 1/ 11 11 11 
1 x 1 0 -
4 
1 x 10 -3 10 ° ,. 3247 7 3 2 
1 x 10-
2 
1 . . x 10-
4 10 ° 3241 11 4 3 
1 x 10 -
4 
1 x 10 -
2 
10 ° 3247 6 3 2 
1/ The solution d iverged . 
III . 16 
give su fficient accuracy for almos t all cases,  within a reasonable length 
of t ime. It should also  be noted that calculations may be carried out 
with very large allowable  errors ; and then repeated w ith the printe d  
resul ts as input data, but w i th less allowable error . 
Many more studies of the errors and inter-relat ionships of the 
variables are des irable ,  but were not undertaken because of the lack of  
suffi.cient t ime. 
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APPENDIX A 
THE THERMOHYDRODYNAMIC THEORY OF DETONATION 
APPENDIX A 
THE THERMOHYDRODYNAMIC THEORY OF DETONATION 
�-
A. Physical Description 
A. l 
Figure A. I ,  a qualitative illustration of parameter . variation w ith 
distance or time for an in..fi_n_i_t;�Jy _ confined c���!!1!1-. of detpn_atJilg J!xplo-
s�y� , provides the background for the following discussion. 
-- . .. ··· -·---
.. :. . . -·--··------ - . ·  ·-· · . . .. . .. . . . . _., . ..... . ···- ---
..... � .. · · - --- . .  - ·-· ·-· . . . -· .. . ··- - - · 
The detonatiQJL . .fr.ont , or high-pressure __ shock _ __ front , proceeds from 
left to right in the u�x:_�_�_cted explosi�e at the de_tonation_ velocity, D. 
This point i s  ind!_�a;ed: __ b_y ___ pres sure , specific volume, and temperature 
discontinuities ,  which are actually transition zones of variable length. 
At the high pressur� s· in ti!�._shock _ _  -f�ont , these z..Q.ne s  are only __ a._ few 
angs� . . in _.l_eJ1g_th, and may be cons idered as  discontinuities without 
introducing errors into the calculations (3
0 ) . 
Chemical reactions proceed__!_�-- -��-�-- !'eact:iC>n zone, behind_the __ sbock 
front, and pr...Q:y!_de the e'nerg¥_EeC!_!�-��x _for ma}:�-�-����-�-� .. . 9 LJ:):l_� . .  9� 1:;_c:>n.a.t ion 
waye. The $as�!__?:.�-��!!!P-QSition---I?...ro_d.ucts ,  at high temperatures and 
pressures , emerge from the reaction zone at a "streaming velo�j.ty" , � 
The detonation state parameters are evaluated at the end of the reaction 
.... .,.. ....... h ••• • •. •• • ,_,,_ .... -· - ·-- ··- · - ••  - � -.,, .. ,..,_ __, ....... . .. �·---·-·<>-< 
zone, which i_s __ termed __ the Cha.!!m�n-J_ougy.et ____ plane. Reasons for it s  choice 
are d iscussed in the next section. 
Following the reaction zone i s  a rarefaction W§Ye ,  w ith decrea sing 
pressures and increasing sp�fic volwne . The eXR.1.9-��QD-�.t.a.te, or 
"borehole" parameters ,  are eva!_1.1_.tl __ ted at th..e.. .. .e.ml c::> f� _1;b,e .. rarefac.ti.on , 
where the specific volume s of the decomposition products - and the un-
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(C) SPECIFIC VOLUME PROFILE 
______ ........ � --
(D) TEMPERATURE PROFILE 
. T  2 
I 
TIME OR DISTANCE 
IDEAL DETONATION AND EXPLOSION STATE PARAMETERS 
FIGURE A. 1 
A. 2 
B. Mathemati cal Relat ionships 
A.3 
With some exceptions , the symbo ls employed _ in the following d iscus ­
s ion ( l isted in Table A.I) follow the usage o f  Clark (
9 ) _ Cons idering a 
s tationar_y detonation wave , or a co ordinate  system moving with the deto-- ---- ---·· ·· .. - - . 
nation wave , the _\!n,X"e�_c;_t�q �-:xp]._9s_!ye _iru;oce._s __ int;_Q __ the detonation ( from 
�!gh_t to 1�-��-' Figure A. l) with a vec.iocity D ,  and the decomposition 
products leave with a ve�o c�E.¥ D - W�_ These movements are related by 
the _sonic vel ocity in the produc�s , _Q, according to the Chap_man�J9uguet 
postulate , 
· o = w + c a . 1  
Setting D .= u1, 
. � - W = u
2 , 
and �pJying the laws o f  conservati�n 





in (a._�_) and ( a. 3) , 
Similarly , the sonic velocity in the products is fo�nd�o be 
Thr��gh applica t ion of the C-J postulate (a. l ) , the s tream��g 




a . 5 























TABLE A . I  
LIST OF SYMBOLS 
Correction matri� coefficient 
Sonic velocity in det_e>�ation PX:Q4ucts 
Ideal heat capacity at cons tant volume 
A:verag.e......ideal he��-- _c;�pa.c:_i_�y at _cons t�Jl.�. _ve>lume 
Detonation vel ocity 
Energy content 
Fugacity factor 
Heat of  formation 
Total heat o f  formation o f  the reactants, cal /gm ------- --·-- · · · ------ . . 
Equil ibr ium constant 
Pre s sure 
Heat of reaction 
Gas cons tant 
't.!_mperature, degrees Ke 1 v in 
Specif ic._yo_l u_me 
Velocity o f  detonatiQD�roduc�s 
Independent variable in compo sition calculations 
Reaction pro duct 
Covol.ume 
Thermodynamic fa���r, de fined by (a . 11), (a.12) 
Sub -vari�ble in compps_it!Pn cal cµla_t_ions 
Dells ity 
E Sum on i, o r  E 
i=l 
Subscripts 
1 Original, o r  un�-���-�5!. ___ 2;1 tate . 
2 Detonation ��ate 
3 Explo s ion s tate 







from (�4) through (a.6) g_!ves the energy 
equation in the following _ form, known as the R�E-�!�-�-�1:{�go:t:1iot eq�-�-�_ion : 





is_q._l so a function of tempe�citur�, this may_ be e_l_iminated 
thr9-.ugh .. 1::he use of an e��J:ion of state, and (�- -· 8) may be regarded as a 
function of pressure and volume. Fim:re _ _ A .. . 2 .  is a generaliz ed plot of 
the Rankine-Hugoniot e_qua_t: �on in the -� __ pl�!!_e (
3l) . 
Equations (a.S) through (a.7) show that a point in the region GH 
would regyire imag!,_�_�J;"y_ _y_eJocities. · The region HK corresponds to defla-
gration, with Pz < p1 and v2 > v1, a low wave speed (a. S) , and movement 
of the reaction products in a direction opposite to that of propagation 









speed, and forward product movement. 
�--
The particular point on FG denoting a stable detonation, the Chapman-
Jouguet point, corresponds with I, the intersection of the tangent (a.S) 
with the curve. In the r egion FI, C + W > D, and the rarefaction moving 
at a velocity C + W will overtake the detonation and w eaken it. Between 
I and G, C + W < D, and part of the reaction will release energy which 
does not c ontribute to the detonation wave. At the C-J point, however, 
C + W = D, and the wave i s  stable. Other explanations - have been made 
for the choice of the C-J point, among them the fact that it denotes the 
minimum velocity compatible with the hydrodynamic equations (
3
Z ) . 
Curve MLO, an R-H curve for non-reactive shocks, show s  that the 
pres sure and density increase during the passage of the s hock front, to 
a maximum at M, and then subside along MI to the equilibrium point, which 









, .  ' ' ' 
v 
FGK equil ibrium curve 
MLO initial  explos ion 
I Chapman-Jouguet point 
RANKINE-HUGONIOT DIAGRAM 
FIGURE A. 2 
A. 6 
A .  7 
L.-· 
The relationships betwe en energy, pressure,  and dens ity are depen -
dent upon the composition o f  the reaction produ_cts, which are in turn 
functions o f  the temperature .  S ince the detonation temperature is one o f  
the unknowns, an iterative · so lu t ion o f  the problem is required. The basic 
equations do not compl etely de fine a reac tive shock wave, however, and 
must first be  augmented by the laws o f  thermodynamics and a suitable 
equation o f  s tate . 
The fol lowing equations for a specif ic so lution were derived by 
Cook (4) , based on his modi ficat ion o f  .t\_�_s __  e_q_ua.t.ion o f  state, 
a . 9 
From experimental re��lts, the varia tion o f  a with spec i fic vo lume was 
found to fol low the same curvil inear relationship (approximated by equa-
tion ii.4) for explosives with wide  variations in chemical compos it ion 
and density . Thus, this r elationship may be used in the determination 
of per formance parameters for explosives other than those for which it 
was establ ished . 
Assuming an adiabatic process, a change in internal energy o f  the 
gaseous reaction pro ducts is given by 
dE • - dw = -pdv 
where w is work . This equation, the equation of  state, and the general 
velocity relationship, (a . 5) ,  are util i zed to derive the specific 
expression for detonation veloc ity, 
!/ a.10 
1/ E is used in this and the followin g equations to indicate a sum 
on i .  
where 
f3 = [ (EY . R  + E.Y .C . ) / ("i:.Yi
C 
i) ] 







, f3 may also be found as 




a . 13 
are u sed, together with (a. 8) and (a . 9) , to d erive the detonation state 
temp.er.ature, 
a . 14 
where 
a . 15 
The explosion state temperature does not involve� and �Y
i
, and i s  given 
by 
a . 16 
with Q
3 
evaluated in the same manner as Q2
. 
At ordinary pressures, gaseous reaction equilibria calculations are 
carried out in terms of temperature dependent equilibria constants and 
the partial pressures of the gases. At the high pressures encountered 
in explosive reaction s, however, partial fugacities are used, as dis ­
cussed by Cook (
4) . The actual calculations are performed in terms of 
modified equilibria constants, K
i
, and a fugacity factor, F, which is a 
function of density . Values of K
i 
for the reactions of importance in 
A . 9 
explosives are given by Cook (
4) and C lark (
9) , together with tabular 
values for the fugacity factor versus density . . 
The thermodynamic equilibria reactions include those gases formed 
of the elements C, H, N, and O. Products formed o f  other elements which 
may be present are considered to be temperature independent. Thus, there 
can be only four variables, and the products may be completely determined 
in terms of these four  variable s, regardless o f  the number o f  products 
considered. Since carbon and oxygen are not found in appreciable amounts 
in explosive reactions, CO and co2 





. These bas ic molecules were modified by Cook (
4) to 
reduce their variation with temperature,- and density. In the ir final 
form, the independent variable s  are 






2 = 2 
a . 1 7 
a . 18  
a . 19 
a . 20 
Those fifteen products connnonly found in appreciable amounts in 
near-oxygen-balanced expl osive reactions _ may be solved in terms of the 
X. to give 
1. 
Y1 























= 1 a.23 
Y4 




l /2 a.24 















l /4 /K a J 26 y6 



































































a . 32 














a h 34 
Y15 






l /2 a.35 
S ince the products must conta in amounts of C,  H , N :i  and 0 ,  respe ct�  
ively, equal to that suppl ied by th� rea�t�nts ,., ' (a ;  21) through ( a . 35) must  
be  determin_ed so as to  sat isfy four material balance equations . In terms 
of the Yi ' 
these are 
H - 2y - 2ys 
- 3y6 - 4y - · 4y 
- 2y9 - yl l  - Y13 -· Rl a .  36 1 7 a 
N - 2y2 - y6 - Y12 - Y14 = R2 a . 3 7 0 
0 - 2y
3 
- y - Y5 - Ya - 2y9 - 2Y10 - yl l  - Y12 
-
Y1 5  
- R
3 
a . 3a 
0 4 
c - Y3 - Y4 - Y7 - Ya - y = R4 a . 39 9 
A . 11 
For a particular temperature and density ( thus, particular val ues for 
Ki 
and F) , the problem becomes one of finding t�ose Yi 
which satisfy (a.36) 
through (a. 39 ) ,  i.e., which make R. = 0 .  Since the Y .  are defined as func-1 1 
tiorts of x
i, equations (a . 3 6 ) through (a . 39)  may be solved in terms of the xi
. 
The·se ·. equations are non":"linear in x . , however, and cannot be solved directly . 1 
Equations (a.36) through (a . 39)  may be written as 
f (X .  *). = Rl 






= 0 a . 41 
h(X . *) = R3 





= 0 a . 43 
where f (Xi *
) = f (X . . *, X2*, X3*, X4 *) ,  and X . * are 
·those x .  for which R . = 0 .  
If X
i 
are in error, such that 
Xi* = Xi
( l  
equations (a . 40) through (a . 43 ) become 




j (X . 
+ X .AX . )  1 1 
+ XiAXi
) 
+ X .AX . ) ]. 1 
+ X . AX . )  ]. 1 
These may be  expanded in a Taylor ' s  series . 
]. ]. ]. 
+ L'.\X . )  a.44 
= Rl 
= 0 a . 45 
= R
2 
= 0 a.46 
= R
3 
= 0 a . 47 
= R
4 
= 0 a . 48 
If X .6.X . is smal l rela tive to X . , 
]. 1 ]. 




= f (Xi) + 
xl




x3 ( 0f /Ox.3)6.x3 + x4























( of /Oxl)�l 
- xl 
( dg /oxl )�xl 
- xl 
( oh /oxl )
6xl 
- x ( of /ox )6x -2 2 2 



























( oj /ox2).6.x2 · 











These equations are linear in · Xi and can be solved dir ectly. Evalua tion 
of the indicated partials yiel d  the Xi 











+ O. Syll 









- 4y + 2y9 











= 1. Sy6 












= 0 a. 54 
a
3 1 




9 + O . Syll 
a
32 
- Y12 = a23 
a



















8 + Yg = O. Sa14 
a42 
= O ·  
a













x1 (of/Ox1} , a12 = - x2 ( of/Ox2) ,  and etc . 
A.13 
a . S S  
a . S6 
These coefficients are identical to those obtained by Cook (
4) from 
a different derivation. They are very similar to the results of the 
standard Newton-Raphson iterative method for simultaneous non-linear 
equations (
3 3) , but may be evaluated with�ut the division by x .  that is 
J 
required by the Newton-Raphson coefficients . Also, th� use o f  (a .49) 
through (a . S2) results i_n a matrix with a large major diagonal , which 
tends to reduce roundoff error in the subsequent solution . 
The standard Crout reduction method (
9,3 4) was used for the solution 
of (a o 49 )  through (a.SJ) , since this method does not require the use of 
any additional storage for intermediate results . The AX .  obtained in this 
1 
manner are the relative errors in X
i
, a nd must be appl ied in the form 
indicated by (a . 44) to obtain the new approximations for X . . The calcu-1 
lations ma y  be repeated until a sufficient degree of accuracy has been 
attained , a s  indicated by R .  and Ax . , both of which go to zero as the 
1 1 
solution converges to the correct values of X . . 
1 
The 7 .  defined by (a.21) through (a . 35) are useful in reducing the _ 1 
computational effort . They are evaluated once for a particular temperature-
fugacity combination, and the Y
i 




A . 14 
all composition iterations a t  the temperature and fugacity. 
Although there may be cases where the iterative solution will not 
converge, it was suggested by Cook (
4) that convergence wil l  occur if 
the original R .  are less than one-tenth of their corresponding C ,  H , 
1 0 0 
N ,  and O values. Observation of the present program indicates that 
0 0 
it may al so converge for very much larger values of the initial Ri
. 
APPENDIX B ·  
TABULAR DATA 
TABLE B .I (9) B. 1 
COMPOSITION AND HEATS OF FORMATION OF EXPLOSIVES AND EXPLOSIVE INGREDIENTS 
MOLECULAR COMPOSITION (gram-atoms/100 grfllB) 
NAME WEIGHT FORMULA c H N 0 kcal ]kg 
Nitroglycerin 227 .09 C3H5N309 1 . 321 2 . 202 1 . 321 
3 . 963 364 
Ethyleneglycol Dinitrate 152·. 07 C2H4N206 
1 . 315 2 . 630 1 . 315  3 . 946 367 
Nitrocellulose (12 , 2� N2) 
2 . 250 2 . 870 0 . 870 3 . 620 664 
Trinitrotoluene 227 .13 C7H5N306 3 . 082 2 . 201 1 . 321 2 , 642 59 
Dinitrotoluene 182 . 13 C7H6
N204 3 , 843 3 . 294 1 . 09 8  2 . 196 38 
S: G (Wood) Pulp 4 . 170 6 . 300 2 . 740 1050 
x Pulp 4 . 050 5 . 850 2 . 800 1000 
Paraffin 7 . 100 14 . 800 500 
Cellulose 3 . 710 6 . 1 80 3 , 090 1400 
ADlnonium Nitrate 80 . 05 NH4No3 4 . 997 
2 .498 3 . 748  1101 
Sodium Nitrate 85 . 01 NaN03 
Na•l . 176  1 . 176 3 , 5.29 1309 
Calcium Carbonate 100 . 09 CaC03 o .• 999 Ca=-0 . 999 2 , 997 2465 
Sodium Carbonate 106 . 00 Na2co3 0 . 943 Na•l . 887 2 . 830 2550 
Fuel Oil (14 .03) 
(CH2) 
(7 , 1) (14 . 2) (-171)  
B . 2 
TABLE B . II
(9 ) 
HEATS OF FOIU1ATION OF EXPLOSION PRODUCTS (at 29 8  ·°K) 
PRODUCT y M, kcal /mol m, Kcal /Kg 
H2 1 
N2 2 
co2 3 94 . 05 
co 4 26 . 42 
H20 5 57 . 80 
NH3 
6 1 1 . 04 
CH4 7 17 . 89 
CH30H 8 
48 . 08 
CH202 9 86 . 67 
02 10 
OH 1 1  -10 . 06 
NO 12 -2 1 . 60 
H 13  -52 . 09 
N 14 - 85 . 09 
0 1 5 -59 . 1 6 
so2 ( 16) 70 . 5 1 100 
Na2o ( 17 ) 100 . 0  1 613 
CaO ( 18) 155 . 0  2 764 
B. 3 
TABLE B .  111
(4 ) 
HEAT CAPACITY APPROXIMATION S 
RANGE 2000 ° K ::S T S 6000 ° K  
c = A + ( B x 1 03 /T) [ l  + (C x 103 IT) J ( cal /mol OK) v 
c = A + <:s x 103 /T) [ 1  v + ( C  x 1 0
3 
/T) ) ( cal /mol O K) 
GAS A 11 
- 11 B c 6,. A B c max max 
H2 8. 487 -5. 9 62 -0. 45 82 0. 01 7 . 6 3 8 -7 . 429 -0 . 8281 0. 0 2  
N
2 7 . 47 8  -2. 060 -0 . 3408  0. 01 7.193 - 3. 6
34 -0. 5823 0.0 1  
co2 14. 61 6 -5. 692 -0. 5344 0. 02 13. 851 -8. 569 -0. 6243 0. 02 
co 7. 478 -1 . 9 94 -0. 4 1 57 0. 01 7 . 204 -3.37 9  -0. 562 3  0 . 01 
H
2
0 12.221 -2 .  7 58 +1. 2 25 0. 02 1 1 . 887 -10. 751 -0. 6200 0. 01 
NH
3 
1 8.1 13 -2. 341 +2. 79 3 0. 02 17.854 - 1 5. 564 -0. 52 7 8  0 . 01 
CH
4 
24 . 089 -2.434 +3. 7 82 0. 02 2 3.830 - 2 1. 67 1 -0. 443 1 0.01 
CH
3




24.034 -1 . 89.8  +3.089 0. 02 23.829 - 14 . 94 8 -0. 435 6  0 . 01 
02 9 . 235 -5 . 995 -0. 51 93 0.03 8 . 470 -7 . 664 -o . 894 8 0.02 
OH 8. 642 -7 . 084 -0 . 7045 0. 03 7 . 67 9 - 7. 274 -0. 850 6  0. 02 
NO 7 . 759 -3. 157 -0.7 906 0. 02 7. 321 - 3. 43 7  -0. 643 3  0. 01 
H 2. 981 0 . 000 0 . 000 0.00 2 . 9 81 0. 000 0 . 0000 0. 00 
N 6. 47 6  - 1 8. 840 -1.288 0. 15 3.744 -4 . 210  - 1. 498 0. 05 
0 4. 029 -5. 326 -1 .  256 0 . 05 3.279 -1 . 49 8  - 1. 372 0 . 02 
ll 6max = tabular value - computed value 
TABLE B.IV 
EQUILIBRIUM CONSTANT APPROXIMA�IONS 
RANGE 1500 ° K � T � 6000 ° K 
ln  K = A + T ' [ B · + T ' (C + DT ' ) ] ,  T '  = 1000 /T 
K A B c D 
3 2 . 471053 - 22. 7 36 291 -6. 220603 3.551435 
5 3.495409 :..4.001861 0.002038 -0.001249 
6 3.499 3 24 - 39.7 44317 · -6 . \ 1 U. �� .. 3.53 657 5 
9 10.7 3167 6  - 58.53 5992  -12.42984 2 7.086523 
12 -16 . 280249 17 .4 26424 16': 214966 -6. 9 6 2426 
13 7 . 05 9063 . . - 32. 0 88330 -6 . 21357 9 3 . 53887 3 
14 6. 896 3 20 -40 . 140647 -6 . 233845 3.557053 
15 4.969711 o .  7 61493 -8 . 133611 3 . 500181 
21 9 .182171 3 .181536  -16.055044 6 . 851758 
2 2  -4.161277 -10. 87 6618 8 . 3417 94 -3.623585 
24 8 . 5 64920 -55 . 070173 -12.459500 7 . 1 08882 













. 015 6  
.0066 
TABLE B .V  
FUGACITY FACTOR, ALPHA, (cb./ov) APPROXIMATIONS 
1� F, a •  A +  p(B + p (C + Dp) ] ,  
FUNCTION A B 
ln F -2 . 39474 7 . -984487 
ln P 4 . 77218 -9 , 810743 
a 1 . 2506041 -o. 85411083 
<ro.lov> 'J) -0 . 1.0 o . s  
<?tt.lov> -0 .01 0 .4  
(?a/'ov) 
0 . 11 0 . 3  
1/ t:,rax • cqmputed value . :- tabular value 
tabular value 
'1:.I Reference 8·. 
c 
-4 . 0581941 
ll . 3·39655 
0 . 34175400 
(ro/ov) • A +  Bp 
D 




B .. S 
6a!ll4�
/ RANGE 
. 014 o. 5 < p :S 1 . 1 
. 064 1 . 1  < p .s 2 .  2 
. 01 2 0 . 5 < p :S 2 . 2  
0 o •. s . < O < o .  9 
0 0 . 9 S P  S 1 . 2 
0 1 . 2  < P S 2 . 2 
B . 6  
TABLE B .VI 
BIN.AL POINT LOCATIONS AND MAXIMUM VALUES 


















11 1  
11 2  
11 3  
114 


















1:YC , L.YC v v 




7 128  

















2 .  4 
14 1 6384 




1 2  4096 
2 1/ x
1 
is  al so used , a t  q = 6, restricting x1 
to a value < 8. 
APPENDIX C 
SUBROUTINE DESCRIPTIONS, FLOW CHARTS , AND CODING SHEETS 
C . l 
APPENDIX C 
SUBROUTINE DESCRIPTIONS , FLOW CHARTS , AND CODING SHEETS 
A. Introduct ion 
The explosive per formance parameter program was wr itten as twenty 
separate subroutines, together w ith a general-purpose l inkage. Each o f  
these is described in terms of a · wr i t ten descript ion, flow chart, and 
annotated coding. sheets. The written descriptions follow the general 
format used in the LGP- 30 Subroutine Manual
( 2 � ,  and the abbreviat ions 
and symbols used are d efined in Table C.I. 
The subroutines are relocatable ,  with the exceptions o f  Subroutine  
O and the Linkage Subroutine. Subroutines 1 through 19 are almost com­
pletely independent or each other, and the exceptions to this are not ed 
in the descr iptions and coding shee ts. 
The individual subrout ines have been assembled into two hexadecimal 
tapes. One of these tapes includes all o f  Subroutine 0 ,  and the other 
con ta ins the Linkage Subroutine and Subroutines 1 through 19, each 
located as required for use by the l inkage. Individual decimal tapes 
were also made, for use i f  the subroutines are to be relocated. 
Operat ing times were e s timated fqr the subroutines on the basis of 
the following individual instruction execution times, wh ich are slightly 
in excess o f  the ac tual t imes. 
Code 







Varies from 1 to 17 ms. on an · individual basis 






















C . 2  
TABLE C . I 
FLOW CHART AND CODING SHEET SYMBOLS AND ABBREVIATIONS 
Blank a ddres·s ,  set  internally 
Where xxxx indica tes an  addres s ,  this symbol means tha t 
the l ocation i s  used by,  modi fied  by, modifie s , or i s  
trans ferred to from xxxx. 
Print the indica ted character (s)  
Contents of 
Temporary storage 
Sca ling factor, de fined as the number of binary digits 
between the computer binal point and the progranmed 
binal point . 
Replace s  the symbol q = : ( 1 @ 4) a ( 1  a t  q = 4) 
Al l owable error 
Accumula tor 
Initial location 
Final locati on 
Code Word 
Alphanumeric print routine 
Oxygen Balance 
. x 
Exponential (e ) 
24 . 0  Fl oating Point Interpre tive Routine 
Explosives Sub-Routine 
The quantity behind the arrow replaces the quantity in 
front o f  the arrow . 
Program Input Routine 
C . 3 
SUBROUTINE O 
The group of subroutines l isted bel ow is referred to as S ubroutine 
O .  Descriptions o f  the standard Royal -McBee subroutines (indicated  after 
the title) are not incl uded· here,  s ince they are ava ilable  in the LGP-30 
subroutine manuals pub l ished by the Royal -McBee Corporation . 
Al l  of the other subroutines re fer in some manner to Subroutine 0, 
and these re ferences were made with absolute addresses. Hence,  Sub­
routine O may not be r eloca ted without making extensive address changes 
·in the other subrout ines . 
The fol l owin g  l ist indicates the storage locations occupied by each 













15 6 3  
17 24 
1 7 6 3  
1860 
223 1 




24 . 0  Float ing Point Interpre tive Routine (Royal -McBee) 
2 5 . 0R 
Float and Un float (Roya l -Mc Bee) 
1 1 . 1  Data Input (Royal -McBee) 
Tabl e  of Constants 
B4-1P�ws Pool Fast Square Root (Royal -McBee) 
12.4 Data Output (Royal -McBee) 
Output Dr iver, Input Calling Sequence 
Remo te Alphanumer ic (Royal -McBee) 
17. 1 Floatin g Po int Exponen tial (Royal �Mc Bee) 
OUTPUT DRIVER, INPUT CALLING SEQUENCE 
Funct ion: 




Codewords of the form " ttssnnqq",  where ttss indicates the in itia l  
loca t ion of the da ta t o  be pr in ted, as a decimal track and sec tor address ; 
nn is the quantity of numbers 'to be pr inted, as a two decimal digit 
number ; and qq is the scal ing fac tor of the number (s) , also as a two 
decimal digit number. These codewords may e ither be on tape or entered 
manually. 
Cal l ing Sequenc.e : 
The driver is entered at location 2232. After it types ttssnnqq, 
a codeword may be en tered . When the numbers correspond ing to tha t code ­
word have been pr inted out ,  another codeword may be entered to repeat 
the process. The driver may also be entered internally (but will not 
exit  internal ly) by a transfer to location 2232. 
Output : 
Decimal numbers as specif ied by the input codewords. 
Program Stops : 
T ime : 
2238 : Input codeword. The 12. 4 error halts apply. 
About 30 words per m inute. 
Storage : 
Locat ions 2232  through 2258, w ith temporary s torage in 6310 . A 
calling sequence to allow external contro l  of the 11. 1 Data Input routine 
is located in loca t ions 2259 through 2263. 
c . s 
LINKAGE SUBROUTINE 
Function : 
Link the subroutines of the explosive performance parameter program 
so they may be used to compute the detonation and explosion state para ­
meters for positive and negative oxygen balanced explosives. 
Input : 
The expl osive composition and d ensity, starting approximations for 
the detonation state temperature and density, and other information 
specified by Subroutine 4, Primary Data Input, are entered at  the begin­
ning of a probl em. Changes in the input data may be made during the 
course of a solution, either as de sired, or as directed by other por­
tions of the progra�� 
Cal ling Sequence : 
The program is entered at location 2600 . · When a probl em i s  com­
pl eted, an exit is made to location 0000. 
Output : 
Described in detail in Subroutine 18, Printout, and in Chapter II, 
Program Operating Instructions. 
Program Stops : 
The error halts for the standard Royal-McBee subroutines included in  
Subroutine O apply at  different times, together with those de scribed in 
connection with Subroutines 1 through 19 . The printed error indications 
are described in Chapter II, Program Operating Instructions. 
Time : 
Extremely var iable, depending on the particular probl em and the 
accuracy desired. Observed times have ranged from 2 to 20 minutes for 
a complete solution, excluding printout time. 
c . 6  
Stora ge : 
The follow ing memory rela tion ships are required for the l inkage 






































47 31  
47 6 3  
4860 
496 3  
5148  
5232 
57 6 3  
Title 
Subrout ine O 
Linkage Subroutine 
Subrout ine · 4 :  Primary Data Input 
Subroutine 1 :  Compute K
i 
Subrout ine 2 :  Compute Fugacity, Alpha 
Subroutine 3 :  Compute Gauuna 
Subroutine 5 :  Compute Yi 
Subroutine 6 : Gannna. Shift, X Te st 
Subrout ine 7 : Compute Ri· 
Subroutine 9 :  Compute Matrix Element s  
Subroutine 17 : Compute Q3
, T
3 
Subroutine 8 : Crout Reduction, X Print 
Subroutine 16 : Sum Inert Pro duct Hea t Capacities 
Subroutine 10 : Compute X + �, AX Print 
Subroutine 1 1 :  Sum Produc t Heat Capacit ies  
Subro utine 14 : Compute Q2
, T
2 
Subroutine 12 : Compute T + �, T Prin t . 
· Subro utin e  13 : Sum Products ,  Produc t Hea ts of  Formation 
Subroutine 15 : Iterate on v
2 
and � 




Subroutine 18 : Prin tout 
C . 7  




Primary Data Input 
2607 
..::;..;;......, _____ . (no 
....,__....,. Al present 
(yes)  
2863 2859 
Ex it  to PIR ..__� Print e- 5 
(- ) 
26 24 2618 2611 
OB ±  Set  Switches to 
Detonation State 
(CR ) .... _ .... Compute OB 
(+) 
2628 2627 
�--- c+> Co -+ C02,  No ,.2 .. N2 H
0
/2 .. H2o, OB/2 -+ o2 
2655 
..__ ________________________ .,.. � - )  
2659 
Compute and store 
LY16_19 
2702  








...,_ _ _..,. clear EY . .  
]. 
2636 





Comput e  1 1  
?'i 
x s ize check 
FXGUllE C. 1 ( continued) 
(x OK) (x NG) 
PDI 
27 24 
CCJ1Dpute · y 
27 28 
2730 -




FIGURE C. l (continued) . 
�- < E x 
























: 13  iterat i on 
(no) 
27 62  
� .... ( V) 
(t:::,.V < e: ) v (6.V > € ) v 
(-) 
2760 
t------t_.. OB ± 
(+) 
C. 9 
FIGURE c. 1 (continued) 
2804 
Compute l:Y [jl 1 
2808 









T + 6T -+ T 
2820 
( l::lt < «.r> 
2822 
Detonation State Printout 
(+) 




FIGURE C .  l ( cont inued)" 
Set switches to 
Explos ion State 
2829 
2840 
Compute Q3 , T 3 . 
2842 






Explos ion State Printout 
c . 11 
SUBROUIINE 1 : COMPUTE Ki 
Function : 
C . 12 
Compute 1 1  equilibr ium cons tants, K
i




o r  T
3
, @ 14 at 6032 . 
Cal l ing S equence : 
Location 
a 
a + 1 
a +  2 
Output : 
Op. Code Address 






( i=3, S, 6, 9 , 1 2-, 1 3 , 14 , 15, 21 , 22 , 24) , in 24. 0 FPIR forma t ,  stored 
sequentially at Lo = 6000 . 
Program S tops : 
Time : 
No progranmed hal ts. The 24 . 0 FPIR error halts ap.ply . 
About 20 seconds. 
S torage : 
One tra ck and 60 sectors (124 locations) . 
Limitations : 
The approximat ing curves are based on tabular data . in the range 
1500 °K � T < 6000 ° K. 
Me thod : 
Equat ion  ( i i . 2 )  . 
FIGURE C . 2 





1000/T _. T. ' 
0005 
Se t addre s s :  K ' -+ K '  f 
0007 
Set addres s: 
K '  - Ki '  -+ K '  
0009 
Test : K '  < 0 
(no) 
0010 
Set addre s ses: 
K '  + Ki ' - 1 -+ K '  
K '  - 1 2  -+ A 
A - 1 2  -+ B 
B - 1 2 -+ c 
c - 1 2 -+ D 
(yes ) 
[ (DT ' + C)T ' + B ]T ' + A -+ ln K 
0027 
Float ln K, s tore at K '  
0033 
Se t addresses : Ki '  - 1 -+  K '  
Ki - 1 -+ K  
0037 
Enter . FPIR. 
0039 




Set addresses : 
K '  + 1 ... K ' 
K + 1 -+  K 
0049 
K - K < (l)  f 
(no) 
0051  
c . 13 
(yes ) 
SUBROlITINE 2 :  COMPUTE FUGACITY :1 ALPHA 
Function : 
1. Compute the fugacity factor,  F, as a function of density . 
2. Compute the covolume, alpha , as a function of density. 
Input : 
Density , p2 
or p
3
, @  2 at 6042. 
Cal ling Sequence : 
Location Op. Cod e  Address Remarks 
C.1 4  
a R Lo + 0035 Entrance for fugac i ty 
factor 
a +  1 u Lo,. 
a +  2 etc. Exit 
a R Lo + 0045 · Entrance for alpha 
a + 1 u Lo + 0036 
a +  2 etc . Exit 
Output : 
· 1. F at 603 3 , F
1 12 a t 6043 , F
1 14 at 6035, and F
3 14 
at 6036 , all 
Time : 
in 24.0 FPIR format .  
2. Alpha @ 2 at 6040 




The density must be in the range (0 . 5) < p .:5 ( 2.2). 
Method : 
1 .  Equation ( ii . 3) 2 .  Equation (ii.4) 
FIGURE C . 3  









[ (Dp2 + C) p + B] p2 + A  ... lnF 
+ A '  ... lnF 










c . 1s 
FIGURE C . 4  
SUBROtrrINE 2b : COMPtrrE ALPHA 
0036 
0036 




C . 1 6  
SUBROUTINE 3 : COMPUfE GAMMA 
Function : 
C . 17 
Compute r. (i=l , 2 , · . . .  , 1 5) as functions of the fugacity factor and 
1. 
equilibrium cons tant s . 
Input : 
1 /2 1 /4 3 /4 Fugacity factor , F ,  a t 6033 , F at  6034 , F a t  6035 , F at  
6036 , K3 
through K24 
at 6000 through 6011 , all in 24 .0  FPIR format .  
Calling Sequence : 
Location Op . Code Addres s  Remarks 
0: R ,· Lo + 0062  
a +  1 u Lo 
0: + 2 e tc. Exit 
Output :  
Value s for r
5













@ 0 a t  6027. 
Program Stops : 
Time : 
No programmed halts. The 24.0 FPIR and 25.0R 
error hal ts appl y . 
About 10 seconds . 
Storage : 
One track . 
Method : 
Equa tions (a.21) through (a . 3 5). 
0000 
0000 
FIGURE C . 5 















FIGURE C � S  (continued) 
0050 
Set address : .;.. 4 -_. 7 - -i 
0051 
! '. Set ·addres ses : 




' :  Set , addres s :  
1 _ ,,  . ... ,, '  , , i ,f i 
0062 
0033 
Unfloat x5 ... 15 @ S 
0038  
Set address : 
0039 
- 7 -+ 7 ' i 
Set addresses : 
_ ri + rf + � �. ri 
0042 
Unfloa-t 1 @ 3 
0047 
Set address : 
0049 
Test  addr�ss :  71 
< 0 
c . 19 
c. 20 
SUBROlITINE 4 :  PRIMARY DATA INPUf 
Function : 
Input the data required by the explosive parameter program. 
Input : 















, each with 5 digits to the right of 
the decimal point. 
C ,  H ,  N ,  O (corrected for inert material i f  present) , 







{any inert material) , and Al, each 
with 5 digits to the right o f  the decimal point, in 





in ° K, and e
x
, each with 5 digits to 
the right o f  the decimal point. 
�
f
in cal /gram (corrected for inert material if present) , 
T
2 
in ° K, and Cv-lg 
in cal/mole ° K, each with 3 digits 




in grams/cc, both with 6 digits to the right 
o f  the decimal point. 
(nothing) (A codeword o f  O exits - from the subroutine. ) 
Calling Sequen�e : 
Location Op . Code Address Remarks 
a R Lo + 0009 
a + 1 u Lo 
a + 2 etc. Exit 










@ 5, at 6051 through 6054. 




@ 2 at 6045, e
T
@ 14 at 6046, e
x 
@ _ 2 at 6047. 
{heat) Mf @ 
16 at 603 1, T
2 
@ 14 at 6032, Cv
_
19 @ 







, all @ 1 at 6041 through 6044. 
Program Stops: 
Lo + 0032, preceded by printed "e-1": Incorrect codeword. Depress 
"Start 11 to continue with a corrected codeword. 
Storage: 
Limitations: 
A maximum of seven decimal digits may be loaded for any one number. 
The input numbers must each be < 2q, where the q is that of the corres-
ponding output number as listed above. 
Notes: 
Codewords may be entered in any order. All of the specified d ata 
words for a particular codeword must follow that codeword. 
The proper number of digits must be typed after the decimal point 
l ocation. The decimal point i s  not typed, however. 
Leading zeros do not have to be typed, and a zero may be entered 
for any number by depre ssing " Start". 
As presently written, the program will not consider aluminum a s  a 
product, al though provisions were made in this subroutin.e for it. A 




FIGURE C.6  
SUBROUTINE 4 :  PRIMARY DATA INPUT 
0009 
0001 









< O  cw-x < 0 
(no) 




c . 22 
Set to 4ff. @ 7 CW-heat < 0 .....__.. CW-heat+l < 0 ----....-:.b 
0038 
Read . x.. · 




@ 4,  x2 @ 3 





CW-tno1es+l < 0 
0118 (no) 
(ye s )  
0016 
(�o) 
< O  
(no) 
(ye s )  
0106 (no) 




Cv_19 .@ 5 · 
T @ 14; M @ 16 
0053 
Set to 91 @ 7 CW-error · <  o . .......  _.,. 
0119 
Read ahd Store 
c . .  , N , O  , So2 0 0 .·. 0 
N420, C
8
0, Y19 , Al 
. (no) (yes ) 
0055 
(no) 







FIGURE C . 6  (continued) 
0018  
CW-density < 0 
(yes)  
01 22 
CW-density + 1 
(no)  
0124 








v1, v2 @ 
2 
(no) 
< o  
0020 
Tab,  Print e-1 
0032 
BP 3·2 Halt 
C. 23 
...._ ______ .... b 
SUBROUTINE 5 :  COMP'CIT.'E Y .  
1. 
Function : 
Compute the f if teen · reaction products, Y .  ( i=l,  2 ,  . . .  , 15) ,  as 1. 
functions of X . and ,' .. 1. 1. 
Input : 
x1
@ 4 at 6051, x2
@ 3 at 605 2 ,  x3 @ 2 at 6053, x4 @ 5 at 6054, 
x1
2
@ 6 at 6048, x3
2
@ 4 at 6049, yi as prepared by Subroutine 6a . 
Cal l ing Sequence : 
Locat ion Op . Code Address Remarks 
0: R Lo + 0063 
0: + 1 u Lo 
0: + 2 etc . Exit 
Output :  









@ 2 at 
6113 through 6115 . 
Time :  
1 . 3 seconds. 
Storage : 
One track . 
Method : 
Equat ions (a . 21) through (a . 35) . 
FIGURE C .7 



















c . 2s 
SUBROUTINE 6a : GAMMA SHIFI' 
Function : 
c . 26 
Shift 11 
to d ifferen t scal ing factors, for use in evaluat ing Yi
. 
Input : 
11 as prepared by Subroutine 3, Compute Gamma . 
Call ing S equence : 
Locat ion 
-a · 
a + 1 












2 at 60 2 8, 14 
@ 3 at 60 2 7 , y 
5 
@ 5 at 6016 , 1
6 
@ 1 at 6017, 
'Y7 @ 2 at 6018, 
1
11 @ 3 at 60 22, 
1
1s 
@ 0  at 6026 . 
Time : 
0 . 9  seconds. 
Storage : 





@ 1 at 6020 , 1
10
@ 3 a t  6021, 
at 6023, 113
@ 0 at  6024, 1
14
@ - 1 at 6025 , 
One track (in comb ination w ith Subroutine 6b) . 
FIGURE C.8 
· SUBROUTINE 6a : GAMMA SHUT 





@ J to 1 
001 2 




@ 0 to �1  
0018 
Sh i ft .,. ' l  @ 0 to 2 
0021 
Sh ift "! @ 0 to  3 
00 23 
c . 21 
SUBROtrrINE 6b :  X TEST 
Func tion : 
Ensure that the ind ependent variables, X . ,  are within the size  
1. 




@ 4 at 6051 ,  x
2
@ 3 at 6052, x3
@ 2 at 6053, x4
@ 5 at  6054 .  
Calling S equence : 
Loca tion Op.· Code Address Remarks 
0: R Lo + 0063 
a + 1 u - Lo + 0024 
a +  2 etc . Exit 
Output : 
If the Xi 
are with in the proper range, the subroutine store$ 
c . 2s 
2 2 x
1 
@ 6 a t  6048 and x
3 
@ 4 at 6049 before exiti�g. -If the Xi 
are out 
of range, "e-2"  is printed, fo llowed by the curren t  Xi 
values , and 
control transfers to Subroutine 4 to allow the input of new Xi 
values . 
Time : 
0.6 seconds if the Xi 
are within range . 
Storage : 
One track (in combination wi th Subroutine 6a) . This subroutine 
requires a linkage to Subroutine 8b, X Prin t, at  Lo + 0034  and 35 ; and 
to Subroutine 4, Primary Data Input, at  Lo + 003 6  and 37 . 
Method : 
The X
i are tested to see tha t they mee t  the fol l owi_ng criteria : 
2 
x1 









< 1 6, x
1 
< 64 . If these are met , 
the X
i 
















Fl.GORE C.9  
SUBROUTINE 6 b :  X TEST 
(yes)  
< O  (yes)  
(no) 
< 8  (no) 
(yes )  
< O  (yes )  
(no) 
< 16 (no) 
(ye s)  
< 0  (yes )  
(no) 
(no) 









3 @ 4 
c . 29. 
0030 ; '  





SUBROUTINE 7 : COMPUTE Ri 
Function : 






C ,  H , N ,  0 @ 7 at 6055 through 6058, y1 through y 12 @ 7 a t  0 0 0 0 
6101 through 6112 , and y 13 
through y15
@ 2 at  6 113 through 6115. 
Calling Sequ�nce : 
Locat ion Op . Code Address Remarks 
a R Lo + 0057 
a +  1 u .- LO 




@ 7 at 6131 through 6134 . 
Time : 




Equations (a. 36) through (a. 39) . 
c . 30 
FIGURE C . 10 






Shi ft y13 • 14, 15
@ 2 to 7 
- ,y9 - Y10 - yll - Y12 - Y1 5 - Ya - Y10 
+ Oo - Y9 ,.. Y3 - Y4 - Y5 - Y3 .. t3 
0035 
· - Yg - Y13_ - Ya - yll - Y5 - ·- y6 - -y7 
- Y
s 
- Y9 • Y
t 
+ 80 - Y5 - y6 - Y7 
- Y ·  - Y - Y - Y - y - y -+ r 8 9 7 1 7 6 , 1 
0057 
C� 31 .  
SUBROUTINE Ba : CROtrr REDUCTION 
Function : 
Solve a system of ·four simul taneous equa tions in &i
. 
Input : 
The matrix coeffic ients, a . .  , al l @ 7 ,  stored in track 62 at 
l.J 
C . 32 
sector addresses equa l to the coefficient subscript (a
11 a
t 6211, e tc.) , 
and the constants, R . @ 7 a t  6131 through 6134 . 
1. 
Cal l ing Sequence : 
Location Op. Code Address Remarks 
a R -- Lo + 0210 
a + 1 u Lo 
a + 2 etc. Exit 
Output : 
�1 
a t  6134. �2 
at 6135, 6x
3 
a t  6136,  and 6x.
4 
at 6 1 37 ,  al l @ 2. 
Program S tops : 
No progranuned hal ts . D ivide che cks may occur at var ious points in 




Two and one -half tracks ( in combination w ith Subrout ine 8b) . 
Fl:GUllE C.11 
SUBROUTINE 8a : CROUT B.EDUCTION 
0000 
a11 -+ Ail 
{i = 1 , 2, 3 , 4) 








c . 33 










SUBRO"UTI.NE 8b: X PR.I.NI 
f'uncti.on : 
Print the four independent composition variables, X . . 
1. 
Input : 
c . 35 
x1
@ 4 at 605 1 ,  x2 @ 3 at 6052 ,  x3
@ 2 at 6053 , and x
4
@ 5 at  6054 . 
Calling Sequence: 
Location Op . Code Address Remarks 
a · R  Lo + 0231 
a + 1 u Lo 
a 2 etc. Exit 
Output: 




, preceded by a heading "Xi", and 
fol l owed by a carriage return. 
Program Stops : 
Time � 
No programmed halts. The 12.4 Data Output error halts apply. 
About 9 seconds . 
Storage : 
'Iwo and one-half tracks ( in combination with Subrou tine Ba) .. 
c. 36 
SUBROUTINE Bb : X PRINT 
021 5  
0215 




SUBRO'J'ITNE 9 : COMPUTE MA'I'R!X COEFFICIENTS 
Function : 












6 123 through 6 125. 
Cal ling Sequence : 
Location Op. Code Address Remarks 
R Lo + 0123 
a + 1 u Lo 
a +  2 etc. Exit 
Output : 
The 16 coeffic�ents, a . . , al l @ ·1, in tra�k 6 2 at sector addresses . 1 ]  
equal to the coefficient subscript (a
11 
at 6211, et.c. ) . 
Time : 
1 . 5  seconds. 
Storage : 
One track and 24 sectors (88 locations) . 
Method : 
Equations (a. 53) through (a. 56) . .  
· 0000 
FIGURE C. 13 
SUBROUTINE 9 :  COMPUTE MATRIX COEFFlCIENTS 
0000 
0042 






0 ... a · :, _a. ·  








Y5 + 2!8 + 2Y9 
+ 0 • 5Y11
-. 
a31 
2[4 (y7 + y8) + Yl + Y5 + Y9] 
+ a12 + 
a21 + o . s (yll + Y13 ) 
.. all 
0123 
SUBROUTINE 10 : COMPUTE X + &, 6X PRINT 
Function.: 
C. 39 
Correct X. , test the DX . against an allowable error, print the 6X . 1 1 · 1 






@ 4 at 605 1, x
2
@ 3 at 6052, x
3
@ 2 at 6053, x
4
@ 5 at 6054, 
E @ 2 at 6047,  and �X . @ 2 at 61 37 through 61 34. 
X 1 
Calling Sequence: 
Location Op. Code Addre ss Remarks 
a R Lo + 0063 
a + 1 u Lo 
a + 2 etc. Exit if AX. > € 
1 x 
a + 3 etc. Exit if ·Ax. < € x' or if  the 
Transfer Control and Six Bit 




@ 4 at 605 1,  x2 @ 3 at 6052
, x
3
@ 2 at 6053, and x
4
@ 5 at 6054. 
If the Transfer Control button is depressed, values o f � - will be printe4, 
1 
preceded by the heading "AXi" and followed by a carriage return. The Six 
Bit Input button is then tested. If the button is up, a normal exit i s  
made, and if down, an exit i s  made to a +  3. 
Time: 





FIGURE C .14 
SUBROUTINE 10 : COMPUTE X + 6X, 6X PR11:NT 
0000 
0000 . 









Sue Bit Input down ,___ _____ _ 
(no) 
0040 




Exit address + 1 
.. Exit address 
c.4-o 
SUBROtrrINE 11 : SUM PRODUCT HEAT CAPACITIES 





(i=l , 2, ... , 15) . 
Input : 










at 6113 through 611 5 .  
Cal ling Sequence : 
Location 
a 
a +  1 
a +  2 
a 
a + 1 










Lo + 0022 
Lo 
Lo + 0022 




for Eyicvi  
Entrance for EYi
Cv i  
Exi t  
EY
1cvi
@ 12 a t  6202,  o r  EY
1cvi
@ 12  a t  6203. 
Time : 
· About 4. 5 seconds for either stnn . 
Storage : 
Two and one -half tracks. 
Method : 
The heat capacities are computed by use of equat ion (ii.2) . 
0000 
FIGURE C . 15 
SUBROUTINE 11 : SUM PRODUCT HEAT CAPACITIES 
0000 0006 
(EYC ) v 
0006 
c .42 
(EYC ) · v  
Set addresses : EYC .. Sum . v 
Set addresses : EYC -+ Sum v 
Bc'. (f+l ) 
- B ; C l ear Sum Bc ( f+l) 
- B ; Clear Sum 
0012 




T /1 000 -+ T '  
001 8  
Set address : Y-1 -+  Y 
00 21 
(yes) 
Test address : Y - Y1 




Set addresses : B-1 .. B 
B-1 6  .. A, A +  32 -+ C 
Sum + [ (C /T '  + l)B /T '  + A]Y -+ Sum 
SUBROUTINE 12: COMPlITE T + 61', T PRINT 
Function: 
c. 43 
Correct the temperature, T, test the correction against the allow -
able error, and print th e  corrected T on external cormnand . 
Input: 
T @  14 at 6032 , T ' @ 14 at 6037 (where T ' is the most recently 
computed vaiue, and T is the previous value) , and ET @ 14 at 6046. 
Calling Sequence: 
Location Op. Code 
a R 
a + 1 u 
a+ 2 etc . 
a+ 3 etc. 
Output: 
Address 
Lo + ,.0030 
Lo 
Remarks 
Exit if 6T > 
ET 
Exit if 6T < or if the 
ET ' 
Transfer Control and Six Bit 
Input buttons are depressed. 
T @  14 at 6032. If 6T > ET ' and the Transfer Control button is 
depressed, the corrected T will be pri nted, preceded by the heading 
"T=". The Six Bit Input button is then tested. If it is up, a normal 




: 0.2 seconds. 
6T > 0 . 5  seconds without printing, about 2 seconds with printing. 
Storage: 
61 sectors . 
Method: 
Equation ( ii . 7 ) . 
0026 
FIGURE C . 16 
SUBROurINE 12 : COMPUIE T + m, T PRINT 
0000 
(Print only) (Correct and print) 
0000 





- € < 0 
T 
(no) 
( 1000 /M' I .. K 
















SUBROUTINE 13a :  SUM PRODUCT HEATS OF FORMATION 
Function : 
Form Eyi�i (
i=l, 2 ,  . . .  , 15) . 
Input : 




@ 7 a t  6 101 through 6112, and y13 
through y15 @ 
2 
at 6 113 through 6115 . 
Calling Sequence :  
Locat ion 
a 
a + 1 
a: + 2 
Output : 
Op o Code Address 
R Lo + 0016 
U ,. Lo 
Remarks 
etc . Exit 
EYi�i
@ 1 6  a t  6141 .  
Time : 
3 . 2  seconds. 
Storage : 
One track (in combination w ith Subroutine 13b} . 
FIGURE C. 17 





Cleat; S\un . 
0003 
.Se t addre s s : . - 1 3  .... 811 
0004 
Se t addresses: + l .. lJI, y +l .. y 
Sum + YAH -+ Sum 
0013 
Set address : 
0015 





C . 47 
SUBROUTINE 13b : SUM PRODUCTS 
Function : 
Form Lyi (i=
l, 2 , . . . , 19) or (i=l, 2, . . . , 15) or (i=16, 17 , 18, 19) . 
Input : 
y1 
through y12 @ 
7 at 6 101 through 6112 , y13 
through y15 @ 
2 at 






, CaO,  Na
2
o ,  any other inert 
material) @ 7 at 6059 through 6062 . 
Calling Sequence : 
Location 
a: 
a: + 1 
a: + 2 
a: 
a: + 1 
a: + 2 
a: 
a: + 1 
a: + 2 
Output : 










Addres s  
Lo + 0057 
Lo . -4,  0032 
Lo + 0049 
Lo + 0034 
Lo + 0057 
Lo + 0050 
Remarks 
Entrance for sum 1-19 
Exit 
Entrance for sum 1- 15 
Exit 
Entrance for sum 16 · 19 
Exit 
Any of the sums described above @ 12 at 6100. 
Time : 
Sum 1-19 :  2.5 seconds ; sum 1- 15 :  2 . 3 seconds ; sum 16-19 : 0 2 seconds . 
Storage : 
One track (in combination with Subroutine 13a) . 
0050 
FIGURE C . 1 8  
SUBROUTINE 13b : S UM  PRODUCTS 
003 2  
0032 
Set switch for 1 -19 
0034 
0039 




+ Y ... Y 
0042 
Sum + Y .... Sum 
0046 
Set address : y - y ... y 1 2  
0050 
0048 




(1 -1 5 )  
( 1 -19)  








Compute the heat . of rea ct ion,  Q2





EYi6.Hi ( i=l, 2,  . .
. , 15) @  16 a t  6141, .6.Hf @ 
16 at 6031, � @ 2 a t  6248, 
:Eyicvi  ( i=l, 2, . . .  , 19) @ 12 
a t  6203, EYi 
( i=l, 2 ,  .. . , 19) @ 6100 . 
Calling Sequence : 
Location 
a +  1 
Op. Code Address 
R -- Lo + 0027 
U Lo 
Remarks 




14 a t  6140, T2 @ 




One -half track. 
Method : 
Q2
: Equa t ion (a.15) .  
T
2
: Equa tion (a.14).  
C o 50 
FIGURE C . 19 
SUBROUTINE 14 : COMPUTE Q2 • T2 
0000 
· oooo 







; ·  
'· 
• < 
SUBROUTINE 15 : ITERATE ON v2 AND f3 
Function : 
C.51 
1. Compute values for � as a func tion of the product composition , 
and as a funct ion of v
2
, and iterate on v
2 
and f3 un t il the two f3 values 
are in agreement .  
2. Test to ensure that the correc ted v
2 
is with in an allowable 
range . .  
3. Print the corrected v
2 
and 6.v, on external command. 




=l, 2,  ... , 15) @  8 a t  6100, Eyic







, an d Ev
' all @ 2, at 6042 through 6045. 
Calling Sequence : 
Location Op. Code 
R 
a +  1 u 
a +  2 etc. 
a +  3 etc. 
Output : 
Address 
Lo + 0119 
Lo 
Remarks 
Exit  if Av > € 
v 
Exit if t::.v S € , or if the v 
Transfer Control and S ix Bit 
Input buttons are depressed . 
f3 @  2 at 6248, '?a./ov, a, p1, p2 , v1, and v2, all @  2 , ' at  6039 
through 6044 . 
If the Transfer Control button is depressed, v
2 
and 1:1v a.re prin ted, 
preceded by the headin g "V2, AV",  and followed by a carriage return. The 
S ix Bit Input button is then tes ted. If it is up, a normal exit  is made 
to a +  2 or a +  3. If it is depressed, an exit is made to a + 3. 
C . 5 2  
If p
2 
( = l /v2
) i s  not within the range 0.5 < p
2 
< 2 . 2, the printout 
described above is made, regardless of the position of the Transfer Con­
trol button, and control transfers to Subroutine 4 to al low input of a 
new value for p
2
. Fol lowing this i.nput, an exit i s  ma.de to a + 3. 
Ti.me: 
About 1.  2 seconds per i.t':;ration, and 2 seconds for the printout . 
Storage =  
One track and 49 sectors ( 113 l ocations) . Linkages are required to 
Subroutine 2b a t  Lo + 0007 and 08, and Subroutine 4 at Lo + 0126 and 27 . 
Method : 
Equations (ii . 4) , (ii. S) , (ii .  6 ) ,  (a . 11) , and (a.12) . 
FIGURE 20 





c (ace) -+ �v ctr 
0002 




C . 53 
0023 
0 . 3p + 0 . 11 -+ c!D./Ov 
2 
1 . 2 - p
2 
< 0 
(no) (yes)  
0019 
: o . sp
2 
- 0 . 10 ... ?J:xtov 
0012 




p2 - 0 . 9  < 0 
(no) 
?rt,/o., - f3 - 1 -+ d 
0034 




Six Bit Input down (v OK) 
(no) 
(v NG) (v NG) 
0 119 
01 20 
Print e - 3  
0062 
Prin:t heading ! 








Input Pi » p2 
0128 
-1 .. , f).v ctr 




Cvi . ( i=l 6 , 1 7  .,; 18, 19 ) . 
Input : 
c . ss 
y
1 6  
through y19 @ 7 at 60 59 through 6062 , and Cv_ 19 @ 
5 at 6030 . 
Calling Sequence : 
Location 
a +  1 





etc . ,.  
Address 
Lo + 00 1 5  
Lo 
EY iCvi. ( i=1 6 ,  17 :, 1 8 ,  1 9 )  @ 1 2  at 6201 . 
Ti.me : 





FIGURE C .21 
SUBROtrrINE 1 6 : SUM INERT PRODUCT HEAT CAPACITIES 
0003 
Sum + YC 
0007 
Swn + YC 
001 1  










Compute the heat of explos ion , Q3





(i�l , 2 , . . .  , 15) @ 6141, �£ @ 16 a t  6031, and 
Calling Sequence : 
Location Op . Code Address 
R Lo + 0013 
a +  1 u Lo 
a +  2 etc . 
Output : 
Q3 @ 
14 at  6140, T
3 @ 
14 a t  6037 .  
Time : 
0.4 seconds . 
Storag e : 
19 sector s .  
Method : 
Q3
: Equation (a . 15) . 
T
3
: Equation (a Q 16) . 
Remarks 
Exit 
FIGURE C o 22 





l0EY6H - 68 
0004 
Shift Q @ 16 to 14 
0006 
EYC /100 ... EYC 
0009 
+ 29 8 -+ T 
0013 
c . ss 
C.59 
SUBROUTINE 18 : PRINTour 
Function : 
Print the detonat ion and explo s ion s tate resul ts. 
Input : 
A pos i t ive or negat ive number in the accumula tor to denote the 
detonation or explos ion s tate , OB @ 7 a t  6038 , and the computed resul ts . 
Cal l ing Sequence : 
Location 
a - 1 
ct 
a +  l 
a + 2  







Lo + 0227 
Lo 
Remarks 
Address  o f ± number 
Exit 
Any ins truction may be used at a - 1 which leaves the desired ± 
number in the accumulator. 
Output : 
See · sampl e  probl ems ,  Chapter II , for the s tandard printout . The 
resul ts  given below are al so p rinted , without explanatory headings , if  the 
Trans fer Control button is depressed. 













' and OB for the po s itive 







for the oxygen-negative case. 
Program Stops : 
Lo + 0003 , preceded by a tab : Indicates entrance into the sub­
routine . Depre s s  "Start to continue with the printou t . 
Time : 
Detonation State 
1 . 2 minutes 
2 . 5 minutes 
Explosion S tate 
0.8 minutes 
2 . 0  minutes 
c . 60 
+ 
The Transfer Control printout requires an additional 0 . 8  minutes 
for the negative oxygen balance cas e ,  and 0 . 3 minutes if the oxygen 
balance  is pos i t ive . 
S torage : 
F ive tracks . L inkages are required to Subroutine Sb at Lo + 0103 
and 010�, and Subrout ine 2b at La + 0251 and 0252 . 
. .  
0010 
FXGURE c. 23 




Tab, BP32 halt 
0004 
(yes)  





Print . det�tlon 
State heading 
0014 
Print Gas Compos ition 
001 8  





Print : 4  headings Print 15 h�dings 





Change 1 2 .4 t•b to space 
0222 
FIGURE C . 23 ( con_tinued)  
l 
0111 






Print T and P · 
0 202 
Print · Q  and I:YC . v 
Ch�nge 1 2 .4 Space t o  Tab , Lower case t o  Space 
0226 
Transfer Control Test 
0228 
(down) 
Print F, ro/ov, a, P1 , P2 
� .  EY, EYC . EYC ' OB -v v 
0247 
± 
025 1  (-) 




C . 62 
SUBROUl''INE 19 :  COMPUIE D ,  p2
, p3 
Fune ti.on : 
C.63 
Compute the detonation vel ocity t D J and the detona tion or explos ion 
s tate pressure. 
Input : 
a @ 2 a t  6040 , v1
@ 2 at  6043 , v
2 @ 




@ 14 a t  6032 ,  and I:Y
1 
( i=l , 2 , . . .  , 19 ) @ 8 a t  6100 . 
Cal l ing Sequence : 
Location 
a 
a +  1 
a +  2 
a 
a +  1 
a +  2 
Output : 








Lo + 002 7  
Lo 
Lo + 0027 
Lo + 0019 
Remarks 
Entrance for D , P2 
Exit  








@ 20 a t  6144 ,  in atmosphere s .  
T ime :  
D @ 14 a t  6 142 , i.n meters per second . 
D @ 16 at  6143 , in feet per second . 
D and p2
: 0.7 s econd s. 
p
3
: 0 . 2  s econds. 
Stora ge : 
One-half track ,  with temporary s torage at  6339 , 6349 , and 6361. 
Method : 
Equation ( R.9 ) for p
2 or p3
, equat ion (a.10) for D .  
FIGURE C . 24 
SUBROUTINE 19 : COMPUT E D , P 2 , P3 
0017 
0000 




Sq . Rt . D .. D 
3 . 281 D(m/sec) � D (f s) 
0019 





Explosive Performance Parameters 
Table o f  Constants Page 1 of 2 
ProtrClffl Input CodH J Location Instruction A Contents Not ea 0 
Cl> Ooeratlon I AddrHa &; of Addr-
I I 
I I I I I I I I 
I XI I I I I I I I I 
.• 
I I I I I I I 1 ,1 1 0 1 0 I I I I I I I I 
I I 
I I I I I .  I I I 1 0 1 1 I I I I I I I I 
I I 
I I I I I I I I I 0 1 2 I I I I I I I I 
I I 
I I I I I I I I 1 0 1 3  I I I I I I I I 
I I 
I I I I I I I I 1 0 1 4 I I I I I I I ' 
I I 
I I I I .. I I I 1 0 1 5  I I I I I I I ' 
I I .,.. 
I I I I I I I I , 0 , 6  I I I I I I I ' 
I I XI I I I I I I I I I O t  7 I I I I I I I I 
I . .  I , . 
I I I I I I I I 1 0 1 8 I I I I I I I ' 
I I 
I I I I I I I I 1 0 1 9 I I I I I .  I I I 
I I .. 
I I I I I I I I I l t  O I I I I I I I I 
I I I 
I I I I I I I I 1 1 1 l I I I I I I I ' 
I I I 
I I I I I I I I 1 1 1 2  I I I I I I I I 
I I 
I I I I I I I I 1 11 3 I I I I I I I ' 
I I 
I I I I I I I I 1 1 1 4 I I I I I I I ' 
I I XI I I I I I I I I 1 1 1 5 I t I I I I I ' 
I I I 
I I t I I I I I 1 11 6 I I I I I I I ' 
I I 
I I I I I I I I I 11 7 I I I I I I I ' 
I I 
I I I I I I I I 1 1 1 8 I I I I I I I I 
I I 
I I I I I I I I I 1 1  9 I I I I I . I I I 
I I 
I I I I I I I I 1 2 1 0 I I I I I I I I 
I I 
I I I I I I .  I I 1 2 1 l I I I I I I I ' 
I I 
I I I I I I I I I 2 1  2 I I I I I I I I 
I I 
I XI I I I I I I I I I 21  � I I I I I I I 
I I 
: 10 10 10 11 17 12 15  I I 2 1 u I I I I I I I I 
I I 
• 10 10 10 10 10 13 19 I I 21 Ii 4 10 10 10 10 10 ,o 12 ' Fl. pt . 1 
I I 
I I I I I I I I I 2 1  6 I I I I I ,2 ,o I 1 @ 2 6  
I I 
I I I I I I I I I 21 7 I I I I I 11 10 I 1 @ 27 • I 
I I I I I I I I I � I  A I I I I I I 18 I 1 @ 28 ' ' 
I I I I I I • • I ? t  Q I I I I I I 14 I 1 @  29 
I 
I I • I I • I • I �• 0 I I I I I I 12 • 1 @  30 ' 
XI ·• I I I I • I I I "1.1 I � .o ,0 .o .o ,O· .o ,0 I ·1 ca 1 ' 
C . 66 
Table o f  Constants Pa2e 2 o f  2 
� Inst ruction � Contents Pro9ram Input Codes 0 Location 0 Notes en Operat i on I Address - of Address U) 
I , 
I 
I I I I I I I 
Xl I I I I I I I I 
I 
1' l 17 1 3 1 2 2 1 0 ,0 10 ,0 ,0 10 1 0 
I 1 @ 2 I I I I I I 
I I 
I 1 3 1 3 1 1 0 10 10 1 0 1 0 1 0 10 
I 1 @ 3 . I  I I I I I I 
I 
I 1 3 1 4 18 1 0 , 0 10 1 0 , 0 1 0 
I 1 @ La. I I I l I I I I I 
1 3 1 5  14 1 0 ,0 10 1 0 1 0 1 0 
' 1 @  5 I I I I I I I I 
I I 
1 3 1 6 1 2 10 10 10 1 0 10 1 0 
I 1 @  6 I I I I I I I I 
I 
1 3 1 7 1 l 10 10 10 1 0 10 10 
I 1 ca 1 I I I I I I I I 
I I 
1 3 1 8  18 10 , 0- 1 0 10 , 0  I 1 @  8 I I I I I I I I 
I I · �  I I I I I I I I 1 3 1 9 I 1 4 1 0 10 1 0 1 0 1 0 1 @ 9 
I . .  
1 4 1 0  12 10 1 0 1 0 10 1 0 
I 1 @  10 I I I I I I I I I 
I I 
1 4 1 1 1 1 10 10 1 0 10 1 0 I 1 ca 11  I I I I I I I I I . I ' 
I I 1 4 1 2 1 8 ,0 1 0 10 1 0  I 1 ca 12 I I I I I I I I 
I 
. I 1 4 1 3 14 ,0 , 0 10 1 0 I 1 ca 13 I I I I I I I I I 
I 
I I I I I I I 1 4 1 4  I 1 2 10 1 0 1 0 1 0 I 1 ca 14 I I I ' 
I I I I I I I I 1 4 1 5 1 l 1 0 1 0 10 1 0 I 1 @  15 I I 
I I 
I I I I I I I 1 4 1 6 I I I 1 8 1 0 10 1 0 I 1 ca 16  I 
I · �  I I I I I I I I 1 4 1 7 I I I ,4 1 0 10 1 0 1 @  17 I I · .. 
I I I I I I I 1 4 1 8 I I I 12 1 0 1 0 1 0 I 1 @ 18 I 
I 
I I I I I I I I 1 4 1 9 I 1 1 1 0 1 0 1 0 I 1 @ 19 I I 
I 
I I I I I I I I 1 5 1 0 I I , 8 1 0 1 0 I 1 @  20 I I I I 
I I I I I I 1 5 1 1 1 4 .1 0 1 0 I 1 ca 21 I I I I I I I I 
1 5 1 2 1 2 1 0 1 0 I 1 @ 22 I I I I I I I I I I I I ' I 
I I I I I I I I 1 5 1 3 I � 1 10 1 0  I 1 @ 23 I I I I I 
I 1 5 1 4 1 8 , 0 I 1 @ 24 I I I I I I I I I I ' I ' I 
I Xl I ' I I I I I I 1 5 1 5 I I I I I 1 4 ,.0 1 @ 25 I I 
I I I I I I I . s 1 6 8 1 0 1 0 1 0 ,0 1 0 ,0 1 0 I -1  @ 0 I 
I 
I I I I I I I I 1 5 1 7 I I I I I I 1 J I 3 @ 29 I I 
I I I I I I I I 1 5 1 8 I I I I 1 1 ,4  I 5 @ 29 
I 
J I I 51  9 1 1 1 8  I 6 ca 29 I I I I I I I I I I I 
I 
I I I I I I I I I 6 1 0 I I I I 1 l 1 J I 7 @ 29 I ' I 
I I I I I I I I I 61 1 I I I I I 12 14  I 9 ca 29 ' I 
I I I I I I I I I 6 1 2 I I I I I 1 2 1 8  I 10 @ 29 I I 




Expl osive Perfcrmance Parameters 
·. Output Driver, Input Calling Sequence. 
� Inst ruct ion Program Input Codes 0 Locat ion - Operat ion I Address U) 
I 
;. 01 01 01 2 1 21 31 2 
' 
I 
XI /1 01 01 01 01 01 01 0 I 
I 
. I  I I I I I I 21 21 3 1 2 I I I R-t '.21 31 0 1 8 
I I 
I I I I I I I I . 1 3 1 3 I I I ·:;_11 ;_:I 3 1 5 1 :, 
I 
• I O, 01 0 1 o. 01 01 3 I 1 3 1 4 4, 0 1 T1 41 T'1 41 S ,  i.. 
I 
I I I I I I I I 1 3 1 5 S, 41 N1 41 N1 .:.1 o. 8 
I I 
I I I I I I I I 1 3 1 6 01 8t Z, J1 Z1 .2;1 0, 0 
I 
I I I I I I I I 1 3 1 7  I I I P1 c, 01 01 8 
I I 
I I I I I I I I 1 3 1 8 I I I '.:1 61 01 01 9 
I I 
I I I I I I I I 1 3 1 9  I I I H1 61 31 :,1 0 
I . .  
I I I I I I I I 1 4  I Q  I I I R. O, 01 61 3 
I 
I . I I I I I I I 1 4 1  l I I I U, 01 0, 5, 0 
I I 




I I I I I I I . . 1 4 , 3  I I I Bt 61 1, 11 c 
I 
I I I t I I I I 1 4 1 4 I I I M  li 71 4i 4 
I I 
I I I I I I I I .  1 4 1 5 I I I P1 11 61 li 6 
I I 
I I I I I I I I 1 4 1 6 I I I R.J 01 01 Gt 3 
I I 
I I I I I I I I 1 4 1 7 I I I U1 01 01 51 J I I 
I I I I I I I I 1 4 1 8 I I I Y1 21 21 Sr 6 I I 
I I I I I I I I 1 4 1 9 I I 1 R. 21 21 5t  E 
I I 
I I I I I I I I 'i I Q  I I I U1 2, 21 S. 4 
I I 
I I I • I I I I 1 5 1 1 I I I P, 11 6t 21 2 I I 
I I I I I I I I 1 5 1 2 [ I I I I I I I 1 I I 
I I I I I I I I 1 5 1 3 I I I u 2r 21 3. } I r 
I I I I I I I I 1 5 , 4 . . I I R. L 91 0. 3 I I 
I I I • I I I 1 5 , 5 I I , U, 1 91 0. 0 
I 
I I I • I I I I 1 5 1 6 I I , Z1 Z Z Z. Z  
I 
I I I I I I I I 1 5 , 7 I I 1 Z Z Z. Z Z  
f 
I I I I I I I I 1 5 1 8 I I , n z. z z z  
I 
J I I I I I I I 1 5 , 9 I I . p. 0. 0. 3. i 
I 
I I I I I I I I 1 6 1 0  I I 1 L 0i 0. 3. 2  
I I 
I I I I I I I I I 61 1 I I I Kt ii '.,'.' 1 2J l 
I I 
• I I I I I I I I 6 1  2 I I I U 1 1  71 (\ la 
I I 
• I I I I I I I I 6 1 3 I I I u. z. z.. . z z 
I I 
C.67 
Page 1 of  1 
� Contents 0 Notes - of Address U) 
' Enter at! 
' 
' \�;R t t s 
' s n n a 
I 
Q So So exit 
I Input cw ( 2 2 5 3) 
' 
, XI ·- .  i: emP tts s  
B inar ize nnCJCJ 
' 
I 
Set no code 
' 
' l ca 14 
' 
( 1:�R) 
I Binar ize ttss · �  
' Set Lo c.ode 






I Print ( 22 5 0 )  
xr 
I ��o ( ttss) 
I rmqq 
' ( 2 249) 
' here f6r input 
' 
I 1 1 . 1 Data Inout 
' 
' D<1 Exit subroutine 
C . 68 
-
Expl o s ive Per formance Parame ters 
l- 1.nkage: Subrout1.ne 'Fage 1 o f  6 
a. Instruction a. Contenb Provram Input Codes 0 Location 0 Note, - O�ration I Address &; of Addr ... Cl) ·-
I 
:. I Q I  Q I Q 1 2 1 6 I O I 0. I 
I 
XI ; , 0 , 0 , 0 , 0 , 0 1 0 , 0 ' •. 
I 
I I I I I I I 2 , 6 1 0 , 0 I I , R , 2 1 3 1 0 1 8 I Enter a# 
I I 
I I I I I I I I 1 0 1 1 I I , U, 2 , 3 1 �1 1 5 I 
I ' 
, 1 0 , 0 , 0 , 0 , 0 , 0 , 3 I , 0 1 2 4 1 0 1 4 1 0 , 2 1 0 1 0. , 4  ' CR CR UC D 
I ' 
I I I I I I I I 1 0 1 3  A -' •T 4 A 4  • ·:
r 
I A 'r A . I � !  .. I 1 · I I .. , .;, .. 
I 
-
I I I I I I I I 1 0 1 4 l 1 0 1 4 , o , o , o , o , o I LC CR exit ' t 
1 - · I l I I I I I 1 0 1 5 I . I 1 R , 3 1 0 1 0 1 9  ' Enter PDI 
I I 
-
I I I I I I I I I Q,·6 I I , U , 3 1 0 1 0 , 0 I ' .... , )(I A1
0 I I I I I I I I 1 0 1 7  I I 1 E; 1 6 1 0 1 6 , 3 I 
. I I 
I I I I I I I I 1 0 1 8  I I 1 8 1 1 1 7 , 3 ,0 I 1 @ 30 
I I I 
I I I I I I I I 1 0 1 9  I I 1 '! 1 2 1 6 1 1 1 1 ' No Aluminum 
I I . , 
I I I I I I I I I la Q I I 1 U 1 2 1 8 1 S 1 9  Al ore s ent 
I 0 
I 
I I I I I I I I 1 1 1 1  I I 1 B 1 6 1 0 1 S 1 8  I 0 
I I c I 
I I I I 1 I I I 1 1 1 2  I I 1 S 1 6 1 0 1 S 1 5 I 
I 
I I I I I I I I 1 1 1 �  I ·  I 1 S , 6 , 0 1 S 1 S ' 
I I 
I I I I I I I I 1 1 1 4  I I 1 D 1 l 1 l 1 3 1 l  I 1 ca 1 = 1 /2 (<i O ' XI Ho I I I I I I I I 1 11  S I I I S t  6 1 0 1 5  f6 I 
I ' 
I I I I I I I I 1 1 1 6 I I 1 M 1 l 1 7 1 3 1  l I 
I I 
I I I I I I I I I 1 1  7 I I 1 H 1 6 1 0 1 3 1 8  I OB 
I 
I I I I I I I I • ·1 1 8 I I 1 P1 l 1 6 1 S 1 4 I (CR) 
I I 
I I I I I I I I 1 11 9 I I 1 B 1 2 1 6 12 1 3  I 227 51 Set  switches 
I 
I I I I I I I I 1 21 0 I I I YI  2 ·, '] I 5 I O I to detonation 
I I 
I I I I I I I I 1 21 1 I I 1 B 1 2 1 6 1 6 1 3  I ...Z2 8i 5 s tate 
I ·' 
I . I I I I . , I I 1 21 2 I I 1 Y 1 2 1 8 1 l 1 4  I 
I I XI 
I 
I I I I I I I I 1 21 �  I I 1 Z 1 2 1 7 1 S 1 l  I (2619 )  
I I 
I I I I I I I I 1 21 4 I I , B 1 6 1 0 1 3 1 8 I 
I I 
I I I I I I I I 1 2 1 5 I I 1A 1 l 1 7 14 1 6  I 1 ca 1 6  = . o  19 ta 
I 
I I I I I I I I I 21 6 I I 1 T 1 2 1 6 1 5 1 5 I -OB 
I 
I I I I I I I I I 2 1  7 I I 1 P 1 l 1 l 1 6 1 3 I (+) ' I -;-: 
I I I I I I I I I ?1 8 I I 1 F 1 6 1 0 1 S 1 5 I '""o , . I 
Y3 
co = 
I I I I I I I I I 21 q I I 1 C 1 6 1 l 10 1 3 I 2 
I I 0 
1 31 0 1 C 1 6 1 0 1 5 1 2 x2 
.: 
I I I I I I I I I I I 
I I 
I [XI X3 0 , C . 6 1 0 15 ,3 --I I I I I • I I I ':ti 1 I 
I 
c.69 
Linkage Subroutine Page 2 o f  6 
0. Instruct ion 0. Contents Program Input Codes 0 Location 0 No tea 
ui Ooerat ion J Address - of Addreaa Cl) 
I ' 
l I I I I I I 




2 1 6 1 3 1 2 1 C 1 6 1 0 1 S 1 4 
I 
I I I I I I I I I 
I 
1 3 1 3 1 B 1 l 1 7 1 J · . 1 
' 1/2 @ 0 I I l I I I l I I I 
I I H 
1 3 1 4 1 M 1 6 , 0 1 S 1 6 
' 
I I I I l I I I I I 0 
I I 
Ys = H20 I I I I I 1 3 , 5 I I 1 C 1 6 , 1 1 0 1 s 
' 
I I I 
I 0 xl 
= 
1 3 1 6  1 C 1 6 1 0 1 S 1 l 
' 




1 C , 6 , l , 0 1 9 I I I I I I I I I 1 3 1 7  I I 
I I N 
1 3 1 8 1 B 1 6 , 0 1 S 1 7 I I I I I I I I I I 0 
I I ' Xf 1/2 @ I I I I I I I I 1 1 1 9  I I ,M , 1 , 7 1 3 i l 0 ' I 
Yz N2 , c 1 6 1 l , 0 1 2 ' 
= 
I I I I I I I I 1 4 1 0  I I 
I . .  T y
6 
= 
1 4 1 1  , C . 6 , 1 , 0 , 6 
' 




1 C , 6 , 1 , o , 1 , . I I I I I I I I 1 4 , 2 I 
I 
Ya 0 1 4 1 1 1 C , 6 , l 1 0 1 8 ' 
= 
I I I ·  I I I I I I I 
I I 
Y15 0 1 C , 6 , l , l 1 S ' 
= 
I I I I . I I I I 1 6. 1 4 I I 
I T 
I I I I I I I I 1 4 1 'i I I 1 B 1 l 1 7 1 3 , 1 
' 1 /2 @ 0 I I 
I I I I I I I I 1 4 1 6 I I 1 M , 6 , 0 , 3 , 8 
I OB 
I I 
, l><J Y10 02 1 4 1 7 1 C 1 6 1 l t l 1 0 
= 




I I I I I I I I 1 4 1 8 I I 1 C 1 6 1 l , l 1 3 
I 
I I 
Y14 0 , 4 , 9 1 C 1 6 1 1 , 1 , 4 I 
= 
I I I I I I I I I I 
I I 0 
I Ii I Q  , C , 6 1 1 1 1 1 2 ' Y12 = I I I I I I I I I I 
I 
Y1 0 1 5 1 1 1 C 1 6 1 l , 0 1 l 
' = 
I I I • I I I I I 
I , I 
0 
I Ii I 2 . c . 6 , 1 1 0 1 4 ' Y4 = I I I I I I I I I I 
I 
= 0 
I I I I I I I I 1 5 1 3 I I 1 C 1 6 1 l 1 l 1 l ' Y11 
I I 
I I I I I I I I , 5 . 4  I I 1 U 1 2 1 6 1 S 1 6 ' 
I I ' [XI I I I I I I • I 1 5 1 5 I I 1 P 1 0 1 7 1 2 , 0 ( - )  (2626) 
I I 
I I I • I I I I . 5 , 6 I I , C , 6 , 3 1 6 1 3 ' Clear acc . 
I I 
I I I I I I I I , 5 1 7 I I , c , 6 , 1 , 0 . 0 ' 1:Y 
I J 
I I I I I I • I , 5 , 8 I I . u . 2 , 6 , 5 1 9 ' r I 
j I I I I I I I 1 5 1 9 I I . R . 4 1 9 1 5 1 7 • ESR 13 
I I 
I I I • I I I I 1 6 1 0 I I , u. 4, 9 . s i o ' '· I 
I I I I I I I I 1 6 1 1 I I 1 U , 2 , 7 1 0 1 0 I 
I . l 
I I I I I I I I 1 6 1 2 I I I I I I I ' Blank 
I I 
I lXl I I I I I I I I 1 6 1 3 I I , Z , 2 1 8 1 1 . 5  (26 2 1) 
I 
Linkage Subro.utine 





I I I I I I I ' 
I Xl I I I I I I I I 
I 
I I I I I I I 2 1 7 1 0 1 0 
I I I I I I I 1 0 , 1 
I 
I I I I I I I I , 0 , 2  
I 
I I I I I I I I 1 0 1 3 
I 
I I I I I I I I 1 0 1 4 
- I I I I · , I I I , 0 1 5  
I I I I I I I I 1 0 , 6  
I 
I I I I I l I I 1 0 1 7  ., 
I I I I I I I I . 1 0 1 8  
I . 
1 I I I I 1· I I · , ·o , 9 
I I I I I I I I I l 1 0 
I 
I I I I I . . . I  I 1 l 1 l  
I 
I I I I . I . I I I 1 1 1 2 
I I I I I I I I I l 1  � 
I 
t I I I I I I I 1 b 4 
I I I I I I I I I l I Ii 
I 
I I I I I I I I 1 1 1 6 
I I I I I I I I 1 1 1 7 
1 
I I I I I I I 1 I 1 1 8 
I I I I I I I I I 1 1  C) 
I 
I I I I I I I I 1 2 1 0  
I 
I I I I I I .  I I 1 2 1 1  
I I I I 1· I I .. I 2 1  2 
I I I I I I I I , 2 . � 
I 
I I I I I I I I I 2 1  6.. 
I I I I I I I . .  I ? I t::; 
I 
I I I I I I I I 1 ? 1 6  
I 
I I I I I I I I I ? 1 7 
I 
I I I I I I I • I ? 1 R ., 
I I I I I I I I I ? 1  Q 
I 
.I I I I I I I I I � I Q 
I 
I I I I I • I I I �I 1 
I 
Instruction 
Ooeration I Addre1a 
I I 1 B , 6 , 1 10 ,0 
I 
I I , H , 6 , 0 1 2 1 9 
I 
I I 1 R , 4 , 3 1 4 , 7 
I 
I I , U , 4 1 3 . 3 , 2 
I 
I I 1 P 1 l 1 6 1 4 , 0 
I 
I I 1 B , 6 , 0 1 3 1 8 
T 
I I tA , l 1 7 14 1 6 
,. T 
I I IT I 2· I 7 I O 19 
T 
1 - I . u  1 2 , 7  ,4 , 8  
I 
I I 1 R ·, 3 , 2 1 5  1 1  
I 
I I 1 U  1 3  ,. 2 1 0  1 0 
J 
I I 1 U , 2 1 7 '1 '3 
I 
I I I I I I I 
I 
I I . 1 P , S 1 4 1 4 1 9 
I 
I I 1 R 1 3 1 4 1 3 1 S  ' 
I I , n . 1 , u ,0 , 0 
I 
I I 1R 1 3 1 S 1 6 1 2 
I 
I i 1 U , 3 1 S 1 0 ,0 
I 
I I aR , 3 , 7 1 2 1 3 
I 
I I 1 U 1 3 1 7 1 0 1 0 
l 
I I 1 0 1 2 1 7 1 2 1 2 
1 
I I I I I I I 
I 
I I , R , 3 1 7 1 6 1 3  
1 
I I 1 U 1 3 1 7 1 2 1 4 
I 
I I , R 1 3 1 6 1 6 1 3 
l 
I I 1 TT 1 l 1 6 1 0 1 0 
I 
I I 1 lT 1 2 1 7 1 2 1 R 
I 
I I I I I I l 
I 
I I 1 'R 1 l d� 1 Ci 1 7 ' 
I I 1 U 1 3 1 8 1 0 10  
l 
J I I R 14  I O· I 2 ·, 3 ' 
I I .n . 3 . 9 , 0 , 0 ... 
A. Contenn 0 
In of Addre11 































































Program Input Codes 0 Location -
U) 
I • 
I I I I I I I 
I 
� I I I I I I I 
I I I I I I I 2 1 7 1 3 1 2 
I I I I I I I I 1 3 1 3 
I 
I I I I l I I . 1  1 3 1 4 
I .  
I I I I I I I I 1 3 1 5 
I I I I I I I 1 · 1 3 1 6 
I 
I I I I I I I I , 3 , 7 
I 
I I I I I I I I 1 3 1 8  
I 
I I I I I I I I 1 3 1 9 
I 
I I I I I I I I 1 4 1 0  
I . .  
I I I I I I I I 1 4 1 1 
I I I I I I I I 1 4 1 2 
I 
I I I . .  I I I I 1 4 1 3 
I 
I I I I I I I I , 4 , 4 
I I I I I I I I 1 4 1 5  
I 
I I I I I I I I 1 4 1 6 
I 
I I I I I I I I 1 4 1 7  
I 
I I I I I I I I 1 4 1 8 
I 
I I I I I I I I , 4 , 9 
I I I I I I I I 1 5 1 0 
I I I I I I I I 1 5 1 1 
I 
I I I I I I I , 5 , 2  
I 
I I I I I I I I , 5 1 3 
I 
I I I I I I I I , 5 , 4 
I 
I I I I I I l I 1 5, 5 
I 
I I I I I I I , 5 ,  6 
I 
I I I l I I I I , 5 1 7 
I 
I I I I I I I I , 5 1 8 
J I I I I I I I 1 5 1  9 
I 
I I I I I I I I t 6 1 0 
I 
I I I I I I I I I 61 l 
I 
I I I I I I I I I 6 1 2 
I I I I I I I I I 6 1 3 
I 
Inst ruct ion Q. Contents 0 
0Derat i on I Address -Cl) of Addren 
I I 1 u1 2 1 1 1 3 1 4 • 
I • 
I I I I I I I 
I 
I I , RI 41 3 1 11 0 • 
I 




I I 1 P1 3 1 9 1 01 8 ' 
I 




I I I U1 41 41 01 Q 
I 
I 
. XI I I 1 u1 2 1 7 , 41 4 
I 








81 01 0 1 T1 41 3 1 1 , 5 • 
I 
I I I UI 21 7 1 41 8 
I 
I I C 6, 3 ,  6 1 3 I 
I I I R1 41 3 1 3 1 1 
I 



















, u1 2 1 1 1 2 1 2 
I 
I RI 41 91 41 9 
I 
I UI 4l 9 1 31 4 
I 
I U, ZI ZI z, Z 
I 
I R, 41 51 21 2 
I 
I U, 4, 51 o, Q 
I 
I U1 2 1 71 51 5 
I 
I i I I I 
I 
I R, 5, 1, 11 9 
I 
I U1 5 1 01 01 0 
I 
I U1 21 7 1 61 Q 
I 
I P, 31 1, 31 0 
I 
I U1 2 1 81 01 0 
I 
, B1 11 7, 41 6 I 
I A1 6 1 01 3, 8 
I 
I P1 3, 11 31 4 
I 




















C . 7 1 






6x > E 
x 
Clear acc . 
ESR 8b 
TC transfer 





6x > E 
x 
ESR 13 (27 39) 
( 2620 , 282 6) 
ESR 1 1  
Blank 
ESR 15 
6v > E v 
(v) 




c .  7 2 
Linka2e Subrout ine PaQ� 5 of 6 
Protram Input CodH 
I 
I I I I I I I 
I I I · I  I I I 
I 
I I I I I I I 
I 
I I I I t I I 
I 
I I I I .  I I I 
I I I I I I I 
I 
I I I I I I I 
I 
l I I I I I I 
I 
I I I I t I I 
I 
I I I I I I I 
. I 
I I I I I I I 
I . .  
I I I I I I I 
I I I I I I I 
I 
I I I I . I I I 
I 
I I I I I I I 
I 






I I I I I 
I I I I I 
I 
I I I I I 
I 
I I I I I 
I 
I I I I I 
I 
I I I I I I I 
I I I I I I I 
I 
I I I I I I I 
I 
I I I I I · 1 I 
I 
I I I I I I I 
I 
I I I I I I I 
I 
I I I I I I I 
I 
I I I I I I I 
I 
I I I I I I I ' 
I I I I I I I , .  
I I I I I I I 
I 
I I I I I I I 
I 
I I I I I I I 
� Instruction & Location Operation I Addr•• 
I XI 
2 , 8 , 0 . 0 
I 1 0 1 1 
I 1 0 1 2 
I 1 0 1 3  
I I 0 1 4 
I 1 0 1 5 
I I O � 6 
I 1 0 1 7  
I I 0 1 8 
, , O ,  9 
I I l a  O 
I t 1 1 l 
I I 1 Z 1 2 , 8  ,Q 1 1 I 
I 
I I ,B , 6  1 0 1 2 1 9 I 
I 
, • ,A , 6 , 1 10 ,0 • 
, 1 ,R ,4 , 9 1 1 , 6 • 
I 
I t 1 U 1 4 1 9 10 1 0 I 
I 
, , 1 R ,4 , 5 ,2 , 2 • 
.,.. I 
I I aU ,4 1 5 ,Q 1 6 I 
I 
1 1 .B , 6  1 2 .o , 3 1 
I 
, 1 1A , 6 , 2 ,0 1 l • 
I 
I I 1H , 6 , 2 ,0 , 3 I 
I 
I 1 1 1 2 I I I I I I I I 
I 
I I 1 , 3 I I 1 P .4 1 5  ,4 , 9  I 
I I 1 1 4 
I I 1 1  Ii 
I 1 1 1  6 
I I l a  7 
I 1 1 1  8 
I 
I t tU 1 Z 1 Z 1 Z 1 Z I 
l 
1 , ,R .4 • 7 . s , 9 • ' 
I I I U 14 I 7 13 1 2 I 
I 
I I 1R .4 1 8 13 10 I 
I 
I I 1U 14 1 8 10 10 • 
I 
I 1 1 1 9  I I ,U , 2 1 7 10 1 5 I 
I 1 2 1 0 I I 1R 1 5 .1 2 12 17 I 
T 
I I 2 1 1 I I 1U , 5  1 2 10 ,0 I 
I I 2 1  2 
I I 2 1  � 
., . 
1 1 1C 16 1 3 16 13 • 
I 
I I 2 1 4 I I I U I 5 I 3 10 10 I 
T 
1 • ? 1 " 1 1 ,B 1 2 , 8 ,o ,o , 
I 
I 1 2 1 6 I I 1Y 1 2 , 7 1 S ,O I 
I 
I I ? 1  7 I I ,B  1 2 1 8 ,3 19 I 
I 
I I ? I A I I I Y t 2 I 8 t 1 14 I 








( 2825)  
E S R  13-, 
I 
ESR 1 1  
Blank 
(t)  
(2622 . 2828") 
ESR 14 
ESR 12  
E S R  19  
Clear acc . 
ESR 1 8  
Set switches 
t o  explosion 
s tate 
l 
I I 3 1  0 I I 1M I l 1 7  13 1 3 t 1 (cl 3 = 1 /8 @ 0 
I I ".l1 1 I I .M :1 . 7 .c;  1 6 I )<1_1 ta O 
c . 7 3 
Linkage Subrout ine Page 6 ot 6 - ·  
0. tnst ruction 0. Contents Program Input Codes 0 Location 0 Note1 - 0 rat ion I Address - of Addreu U) .  U) 




I I I i I t 
I I 2 , 8 , 3 , 2 1 A 1 6 , 0 1 3 1 2 
I 
I I I I I I 
I 7 /BT2 
::::: T
3 I 1 3 1 3 1 H 1 6 1 0 , 3 , 2 
' 
I I I I I I I I I 
I 




3 • 1 3 , 5 I , C 1 6 , 0 1 4 1 4 ' l I I I I I I 
I 
p l I I I 1 3 1 6 I I 1 B 1 6 1 0 1 4 1 l ' I I l I I 
I r P3 I I I I 1 3 1 7  1 c 1 6 , 0 1 4 1 2 I I I I I t 
I I 
I I I I I 1 3 1 8 I ,
, u
1
2, 1 1 0 1 4 
• 
I r I I 
I · �  I I r I I I I I 1 3 1 9 I I , z 1 2 , a , ti. 1 0 ( 2827) -· I I 
1 4 1 0 1 R 1 4 1 0 1 4 , 5 • ESR 17 I I I I I I I I r r 
I -
I I I , 4 , 1 , U , 4 1 0 , 3 , 2 ' I I I I I I I 
I I 
I I I I I I I I 1 4 1 2 I I , R-1 4 1 8 , 3 , 0 ' E SR 12 -
I I 
I I I I 1 4 1 � I I 1 U 1 4 , a , o , o I I I I I ' AT > £T I I I t I I I I 1 4 1 4 I I , u . 2 1 8 , 4 , 6 ' 
I I AT < £T 1 4 1 5 , u 1 2, s , 5 1 6 I I • I I I I I I I 
I I 
I I I I I I I I 1 4 1 6 I I , B , 6 1 0 1 3 1 8 • OB 
I I · � I I I I I I I I 1 4 1 7 I I 1 A 1 1 , 7 1 4 1 6 
I I 
I I I I I I I I 1 6. 1 8 I I 1 T 1 2 , 7 1 0 1 9 • -OB 
I I 
I I I I I I I 1 4 1 Q I I , U , 2 1 8 1 0 1 6 ' +OB I 
I l 
I I I I I I I I 1 5 1 0 I I 1 R 1 5 , 2, 2 1 7 ' ESR 19 (2858) 
I I 
I I .  I I t I I 1 5 1 1 I 1 U. 5 1 2 1 l 1 9 ' I I 
I T 
I Ii I 2 . B , 1 1 7 1 5 , 6 ' -1 @ 0 · - · I I I I I I I I I 
I 
I I I I I I I I 1 5 1 3 I I 1 R 1 5 , 5 , 2, 7 ' ESR 18 
I I 
I I I I I I I I 1 5 1 4 I I , 01 5 1 3 , 0 1 0 I 
I I 
XI I I I I I I I I , 5 , 5  I I , n. 0 1 0 , 0 , 0 ' Exit to PIR 
I I 
I I I I I I I I . 5 , 6  I I , R . 3 , 4 , 4, 5 ' ESR 2 (2845) 
I I 
I I I I I I I I 1 5 1 7 I I 1 U, 3 1 4, 3 1 6 ' 
I I F-- ... 
I I I I I I I I , 5 1 8 I I 1 U, 2, 8 1 5 1 0 ' ' l 
.I I I I I I I , 5 . 9 I I I °Q I  ? I 1 1 0 1 8 ' Ent er a.ti ( 2 6 1 0 )  
I I 
I I I . I I I I I 1 6 1 0 I I 1 U, 21 3 1 5 , 5 ' · ,  ' 
_ 1 0 1 0 1 0 1 0 1 0 1 0 1 ? I 1 61 1 6 , 0 1 1 1 0 1 F. 1 41  - , J ' Tab e cs -' I 
I I I I I I I I 1 61 2  5 , 8 1 1 1 0 1 41 01 0 , 0 ' 5 cs CR exit ' l . � I I I I I I I I 1 61 3 I I I n. O t O a  0 1 0 Fxit to PI'R 
I I 
Exolos ive Performance Para.meters 
Snhrnnt inP 1 ! 
Program Input CodH 
I 
I I I I I I I 
I 
I I I I I I I 
I 
I i I I I I I 
I 
I I I I t I I 
. I 
t I I I I I .  
I 
I I I I I I I 
I 
I I I I I I I 
I 
I I I I I I I 
I 
I I I I I I I 
I 
' I . ' I I I I 
I . .  
I I I I I I I 
I I I I I I I 
I I I I I I I 
I I I I I I I 
I 
I I I I I I I 
I I I • I I I 
I 
I I I I I I I 
I 
I I f I I I I 
I 
I I I I I I I 
I 
I I I I I I I 
r-
I I I I I I I 
I I I I I I I • 
r I I I • I I 
I 
I I I I I I I 
I 
I I I I I I I 
I I I I I I 
I 
I I I I • I I 
I I I I I I 
I 
I I I I I I I 
I 
I I I I I I I 
I I I I • I I 
I 
• I I I I I • 
I 
I I I • I I I 
• • I I I • I ' 
(:"""'�t...te ri 
Q. Instruction Q. Contents o. Location 0 - 01>aratlon I Addre11 0 of Addreas . Cl) 
I 
I � 
0 , 0 1 0 1 0 
I 1 0 , l 
I 1 0 1 2  
I 1 0 1 3 
I 1 0 1 4  
I 1 0 1 5 
I 1 0 1 6 
I • 0 , 7 
I 1 0 1 8 
I 1 0 1 9  
I . 1 . 0 
I 1 1 1 l 
I I 1 1  2 
I • 1 1 1 
I 1 1 1 4  
I I 1 1 I;_ 
I 1 1 1 6 
I I 1 1  7 
I I 1 1  8 
I I 1 1  C} 
I 1 2 1 0 
I I 2 1 1 
I I 2 1 2 
I . � . � 
I I 2 1 4 
I I � I  Ii 
I I � I  ii 
I I ? 1  7 
• I ? 1  A 
I I ? 1  Q 
I I � I O 
I I '!ti 1 




I 1X 1 D : 6 1 0 1 3 , 2 I , 
I ' 1H 1 0 1 0 1 5 , 7  I 
I 






























I . H , 0 , 0 1 6 1 1 
I 
I 1 B 1 0 1 0 1 S 1 3 
l 
I ,.. , C , 0 , 0 1 3 , 0  
I 
I , R . 0 1 0 1 3 1 0  
I 
I S� Q 1 0  1 5  1 8 
I 
I 1 T 1 0 1 0 1 3 12 
. I 
I , A a 0 , 0 , 6 1 0 
I 
I 1 Y 1 0 1 0 1 1 1 0  
I 
I , s . 0 , 0 , 6 •2 
I 
I 1 Y a 0 1 0 12 1 6  
I 
I 1 8 1 0 1 0 1 6 1 2 
I 
I , v . 0 .0 . 2 ,1.,. 
I 
I 1 S 1 0 1 0 1 S 12 ' 
I 1 Y 1 0 1 0 1 2 1 2 
I 
I 1 S 1 0 1 0 1 S 14 
T 
I 1 Y .1 0 , O 1 2  1 0 
I 
I 1 B 1 Z 1 2 1 Z 1 Z 
I 
I �M , 0 1 0 1 5 1 7 ' 
I 1 A t Z 1 Z 1 7. 1 7.  
I 
I 1M 1 n 1 n 1 � 1 Q 
I 
I , A  1 7 , Z 1 7 1 '7.  
I 


















� f"'nnn ter 
H0149 
H0148 
1 2  ca 29 
� 
12 ca 29 
1 2  ca 29 . 
I D 
I �000 /T2 
@ 0 
I r, 
I )<1 1 000 /T2 @ 
I "A 
' 1 000 tr2 @ 0 
I ·r 
• A I z_. z I z t z l-' 1 A I ' 1 
1 X 1 R 1 l..13 1 2 1 5 I 
I �-i..Y; 1....1.. ) I Q I Q 
1 X 1 Z 1 0 , Q , 0 1 6 
T 
I I H , z  I "l :.Z I z ' 





I Fl . pt . lnK1 . �  
C . 74 







I I  
! 
'· 
( 0031 ) 
' 
Exits to 2nd Dart 
1 
(0019) 
tnn1 1 ,  
(001 Ii \  
.(0013)  
Fl oa t  ln Ki 
( 0006 . 07 .. 1 1 )  
( 0006 . 07 .. 1 1 )  
T.nnn 
c . 7 5  
Subrout ine 1· : Compute Ki Pao� 2 of 4 
Q. Instruct ion Q. Content• Program Input Codea 0 Location 0 Notes 
&; Ooerat ion I Addreaa - of Addrm (I) 
I 
I 
I I I I I I I 
XJ I t I I I I 
I 
I I I I I I I o . 0 1 3 1 2 I I I U1 0 1 0 1 3 1 3 I (0009) 
I KS 
address 
I I I I I I I I , 3 1 3 I I I B, o. 0 1 6 1 0 I H0148 
I I 
, 3 1 4 1 Y1 0 1 0 1 31 9 
I 
I I I . I I I I I I I 
I ' 
I I I I I I I I 1 3 , 5 I I I B1 o , 0 1 5 1 6 ' H6000 
I ' 
1 3 1 6  , Y 1 01 0 1 4, 1 
' 
I ' I I I I I I I I 
I 
I t I , 3 1 7 1 X1 R1 01 3 1 0, 0 
I Enter 24 . 0  FPIR I I I I I I ' 
, 3 1 8 1 X 1 U, 0 1 3 1 0 1 0 
• 
I I I I I I I I I 
I I 
I XJ 1n I I I I I I I I 1 3 1 9  I I , B 1 Z 1 Z1 Z1 Z Ki ' I 
I 14 1 0 1 X1 H 1 0 1 0 1 01 0 I I I I I I I I ' I - ... 
· . I  *. "- ·-;a ..,...� ··r- . 1 4 1 1 1 H , z 1 z , z . z I Ki I I I I I .� I I 
I 1 4 1 2 1 X 1 E 1 01 0 1 0 1 0 
I Exit 24 .0 FPIR I I I I I I I I 
I ' 
I I I I I 1 4 1 3 I I 1 B, 0 1 01 31 9 I I I I 
I 
I I I I I I I 1 4 1 4 I X 1 A, 1i 7 1 2 1 9 
I 1 @  29  I ' 
I I I I I I I I 1 4 1 5 I I 1 Y1 0 1 0 1 31 9 
I 
I I 
I I I I I I 1 L.. 1  6 I 1 B 1 0 1 01 4, 1 
I Counter I I 
I ' 
• XJ 1  (cl I I I I I I I I I l.. 1 7 I 1 X 1 A1 l 1 7 1 2 1 9  29 
I I 
I I I I 1 4 1 8 1 Y1 01 0 1 41 l 
I 
I I I I I I ' 
I I I I I I I I 1 4 1 9 I I 1 S1 0t 0 1 S 1 S I H6011 
I 
I I I I I I I 1 5 1 0 , T , 0 1 0 1 31 7 
I T�oon I I I 
I ' 
1 5 1 1 1 X1 U1 Z 1 Z 1 Z1 Z I F.-x i t  s L.!:i-..- .... t in� I I I • I I I I I 
I I 
I I I 1 5 1 2  1 X , Z� 01 0 1 1 . 2 
I 
(0016) I I I I I I 
I 
I I I I I I I I , 5 1 3 I I , H , 0 1 1 1 6 , 0 I ,n  Ci \  ' 
I I I I .. I I 1 5 , 4 , X, Z , 0 1 0 1 1 1 2 I (0018\ I 
I 
I [XI 
I I I I I I I I 1 5 , 5 I 1 Y 1 H 1 6 1 0 1 l 1 l tnnL...Q\ 
I I 
I I • I I I I I , 5 , 6 I 1 X1 H, 6 1 0 1 0 1 0 I ( 0035) 
I 
I ] I I I I I I I I , 5 1 7 I I I I I I 10 )0 /T2 @ 0 (0021) .  ' ' 
I I I I I I I • 1 5, a 1 H , 0 1 l 1 4 1 9 I (0008) I 
I 
.t I I I I I I I I 51 9 [. I ] • 10 )O /T2 @ 0 (0023) I I I I I 
I 




I ] �O /T2 @ 0 (0025) I I I I I I I I I 61 1 I I I I I 10 I 
I I 
I I I I I I I I 1 61 2 I , x 1 z 1 0 1 0 1 1 1 2 I (0012 , 14) 
I I 
I XJ , 1 0 1 0 1 0 1 0 1 0 1 0 1 1 ' 1 61 3 1 7 1 K, 0 1 0 1 0 , o , o  1000 @ 14 (0000) I ' I 
c . 7 6  
�11brnutinP 1 ! I '.nmnnt'P 1•i PA oo ·':\ nf l,. 
Prov,am Input Codes 
Q. Instruction Cl. Contents � Location 0 Not" Ooeratlon I Addreu &; of Addr-
I 
I I I I I I I • 
I XI I I I I I I I I Al l  constant s @ 6 
I 
[ 
I . ]  . , 0 1 0 , 0 1 0 1 0 1 3 , 2  ' 0 , 1 1 0 1 0 I Blank I I I I 
I J D3 I I I I I I I I 1 0 1 1 , 7 1 l 1 F 1 S 1 S 1 J , 7 I 
I I D
S I I I I I I I . I 1 0 1 2 W 1 W 1 W 1 W 1 S 1 J 1 3 , 8 I 
I l D
6 I I I I I I I I 1 0 1 3 1 7 1 l , 2 1 G 1 F 1 0 1 4 • 
I I D9 I I I I I I I I 1 0 1 4 1 Q 1 2 1 J 1 4 1 J 1 K 1 Q  I 
I 
012 I I I I I I I I 1 0 1 5 W 1 2 1 l 1 3 1 3 1 J 1 J 1 J  I 
I I D
l 3  I I I I · 1 I I I 1 0 1 6  1 7 1 l 1 3 1 Ci> 1 7 1 4 1 8  I 
.,.. I XI D14 I I I I I I I I 1 0 1 7 1 7 1 l 1 K 1 3 1 6 1 l 1 l  I 
I I D
lS  I I I I I I I I 1 0 1 8 1 7 1 0 1 0 1 l 1 7 1 G 1 J  I 
I . .  ' I D
21 I I I I t · I I I , 0 , 9 1 K 1 G 1 4 1 l 1 9 1 G 1 F I 
I T 
022  I I I I I I I I 1 l 1 0 W 1 8 1 J 1 0 , G 1 9 1 S 1 Q I 





I ] I I I I I I I I I 1 1 2 I I I I I • Blank 
I l C
3 I I I I I I I I 1 1 1 � W 1 3 1 8 1 W 1 0 1 K 1 l 1 F • 
I I cs I I I I I I I I 1 11 4 I I 1 l 1 0 1 G 1 l 1 J I 
I T . � c6 I I I I I I I I I 1 1 'i Wt  3 1 9 1 1 1  Q 1 7 , R I  Gl 
I ' C
9 I I I I I I I I 1 1 1 6 G> 1 7 1 2 1 3 1 Q 1 G 1 G 1 Q • 
I I c12 I I I I I I I I 1 1 1 7 2 1 0 1 6 1 Q 1 l 1 0 1 2 1 6  I 
I I c13 I I I I I I I I 1 1 1 8 W 1 3 1 9 1 2 1 F 1 S 1 G 1 8  I 
I I 
c14 I I I I I I I I 1 11 Q W1 3 1 8 1 8 1 A. 1 S 1 6 1 2  I 
I T 
I I I I I I I I 1 2 1 0 Q 1 W 1 G 1 G 1 9· a 7 1 J 1 Q  • cl S  
I ' 
c21 I I I I I I I I I 2 1 1 TC 1 W 1 Q 1 3 1 T{1 l 1 A. 1 6 I 
I T c22  I I I I I . I I I 1 2 1 2 l 1 0 1 F 1 Gl
. 1 W 1 l.J 1 C: 1 F I 
I � I Xl - c24 I I I I I I I I 1 2 1 -:t Q I  7 I 1 I l,. I I: I .T I l,. I O  I 
I r . ' 
I J I I I I I I I I I 2 1  /,. I I I I I I Bl•nk 
I I B
3 I I I I I I I I I 2 1  'i K 1 2 1 8 1 7 1 0 1 4 1 K 1 Cil  ' 
I I B
S I I I I I I I I 1 2 1 6 W 1 7 1 W 1 W 1 0 1 J 1 0 1 J I 
I T B6 I I I I I I I I I 2 1 7 G 1 0 1 8 1 2 1 Q 1 8 1 & 1 4 I 
I ' B9 I I I I I I I I I ? 1  A 8 1 F . C� 1 K1 9 .  2 1 S 1 6 I ' ·  ' B12 I I I I I I I I I ? 1  Q 2 , 2 1  K 1 F i 5 1 4 1 3 1  Ci> I 
I T Bl 3  I I I I I I I I I � 1 0 G 1 W1 K1 2 1 J 1 6 1 6 1 F  • 
I -. . �  B14 I I I I I I I I I "at 1 F 1 W1 G . 7 , W 1 K 1 l 1 Cil  -. 
c .  77  
. 
Subroutine 1 :  Compute Ki Page 4 of 4 
Q. ln1truct ion A. Content, Program Input Cod .. 0 Location 0 Notes en <>Perat ion l Addre• - of Addrea U) 
I • 
I I • I I • I ' X1 I I I I I I • I 
I 
BlS  9 i0 , 0 , 0 . 0 . 0 1 3 1 2 • 0 1 1 , 3 1 2 1 l 1 8 1 S 1 Cil 1 2 1 6 1 F • 
.. I T B21 1 3 1 3  1 6 , S 1 J 1 W , 2 , 4 1 J 
• 
,_ I I I I I I I 
I I 
B22 I I l I I 1 3 1 4 Q , F 1 3 1 W 1 2 1 G 1 J 1 Q 
• 
I I I 
1 B 
1 3 1 5 9 1 l 1 K 1 J 1 l 1 2 1 4 , 4 • I I I I I I I I 24 
I T 
I 1 3 1 6 [ .  I ] • Blank I I I I I I I I I I I I I I 
A3 I I I I I I I 1 3 1 7 1 4 , W 1 l 1 2 1 K 1 K 1 Q 
I 
I 
I I AS I I 1 3 1 8  1 6 1 W 1 K 1 F 1 6 1 4 1 4 
I 
I I I I I I 
I ' 
I XI A6 I I I I I I I I 1 3 1 9  , 6 , W 1W 1 F 1 7 1 8 1 6 
I l 
Ag 
I I I 1 4 1 0 1 , 5 , 7 1 6 , 9 , Cil , 3 , J  I I I I I I 
I . .  I Al2 I I I I I I I 1 4 1 1 K 1 W 1 7 1 0 . 8 1 3 1 3 , 4 I ' A
l 3  I I • I I I I la. 1 2 1 Cil , l 1 Gl , 3 , K 1 8 , 0 • · I 
l 
A14 I I I 1 4 1 ":\ . 1 K 1 J , F , <i> 1 F , 7 , 4 
• 




I I I I I I I I 1 4 1 4 1 9 1 W 1 0 , 7 , Q 1 0 1 J • 
I .., T A21 I - I I I I I I I 1 4 1 5 l 1 2 1 5 1 K . 4 1 5 1 F , O I 
I I 
A22 I I I I I I I I I la. 1  6 W 1 7 1 F 1 K 1 6 1 K 1 0 , J  I 
I 1 ·� A24 I I I I I I I I 1 4 1 7  l 1 l 1 2 , l . 3 1 K 1 3 1 2 I I 
I I I I I I I I I la. 1  8 I I I I I I I I Blank 
I 




I I I I I I I I I U 1 9 I I I l I • Fl . Pt o ln K3 
I 
I I I I l I I I , s 1 n [ .  I 
I 
I I I I ] 
I Fl . Pt . ln K5 I 
I 
[ .  
I 
I ] I I I I I I I I Ci I 1 I I I • Fl . Pt o ln Kt, I I I 
I 
[ .  
I 




I ] I I I I I I I I 1 5 , 3  I I • I I I F'l. Pt . ln K12 
I 
[ .  
I 
I ] I I I • I I I • 1 5 1 4 I I .  • I • • Fl . Pt ln K13  
I 
[. 
I . ] XI I I I I I I I • 1 5 , 5 I I • I I • Fl . Pt . ln K1 4 
I I 
I I I • I I I I 1 5 1 6 L • I I I I I ] I FL Pt. ln K15  I I 
I I I I I I I • 1 5 1 7 [ I I I • I I . ] • Fl . Pt. ln K21 
I ' 
I I I I I I I I 1 5 1 8 [ I I I • I I I ] I Fl . Pt. ln K22 ' I 
j I I I I I I I 1 5 ,  9 [ I • I • I I I ] • Fl . Pt . ln· K24 
I I 
I I I I I I I I 1 6 1 0 I I I I I I I I Blank 
I I 
I I I I 61 1 I I • " I I I I I I I I I I 
I T 
I I I I I I I 6 1 2 I I • I I " I I I I I 
I ' . �  • I • I I I 1 6 1 3 I I I I I " I I • I 
I I 
Explosive Performance Parameters 
Subrout ine 2 ·: 
Program Input Coe.lea 
I 
I I I I 
I 
I I I I 
I 
I I I I 
I 
I I I I 
I 
1 I I . I ' 
I I I I 
I 
I I I I 
I 
I I I I 
I 
I I I I 
I 
I I I I 
I 
I I I I 
1 
I I I I 
t 
I . . I I 
I 
I I I I 
I 
I I I I 
I 
I I I I 
I 
I I I I 
I 
I I I t 
I 
I I I I 
I 
I I I I 
I 
I I I I 
I 
I I I I 
I 
I I I I 
I 
I I I I 
I 
I I I I 
I · 
I I I I 
I I I I 
I I I I 
I 
I I I I 
I 
I I I I 
I 
I I I I 
I 
I I I I 
I 
I I I I 
I 
I I I I 
I I ·I 
I I I 
I I I 
I t I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 















































Compute Fugacitv .  Aloha 
Q. Instruction 0 Location - Ooeration I Addre11 U) 
I 
I � 
o .o . o . o  I I 1B ,0 10 16 11 
I 
I 1 0 1 1 I ,x 1 s 1 6 1 0 A 12 ' 
I 1 0 1 2 I I 1T , 0 10 1 11 
T 
I 1 0 1 3 I 1X , B 1 6 1 0 .4  , 2 
I 
I , 0 , 4  I I iM 1 0 1 0 1 5 . 4 
T 
I , 0 1 5  I I 1 S . o . o 1 5 . s 
I 
I 1 0 1 6  I 1X 1M 1 6 1 0 1 4 1 2 
r 
I 1 0 1 7 I I ,A 1 0 1 0 1 S 1 7 
r 
I 1 0 1 8 I 1X 1M 16 1 0 1 4 1 2 
I 
I 1 0 1 9 I l , s . o . 0 1 s , 2 
I 
I I l 1 0 I I 1 u , o . 0 11 , a 
I 
I I 1 1 l I 1X , E  1 6 1 0 1 4 1 2 
--. 
I 1 1 1 2 I I 1M 1 0 1 0 16 1 2 
I 
I 1 1 1  � I I 1 A . 0 1 0 1 S ,6 
I 
I 1 1 1 4 I 1X 1M 1 6 1 0 1 4 1 2 
I 
I I 1 1 Ii I I 1 S 1 0 1 0 1 S 1 l 
l 
I 1 1 1 6 I 1X ,M ,6 1 0 14 , 2  
I 
t I \ 1 7 I I , A , 0 1 0 1 5 1 3 
I 
I 1 1 1 8 I 1X 1 R , l , 3 1 2 1 5 
I 
I I l 1 Q I . iX . u  11 1 3 1 0 1 0 
J 
I 1 2 1 0 I 1X 1 Z 1 0 1 0 1 0 , 8 
I 
I 1 2 1 1  I I , H 1 0 1 0 , s , o  r 
I I 2 1  2 I 1 X 1 R 1 0 1 3 1 0 1 0 
I 
I I 2 1 � I 1 X 1 U 1 0 1 3 , 0 1 0 
I 
I 1 2 1 4 I I 1 B 1 0 1 0 1 S 1 0 
I 
I I ? 1 'i I 1 X 1 H 1 0 1 0 ,0 1 0 
I 
I I ? 1 6 I .x , H 1 6 I O 1 3  1 3 
I 
I I ? 1 7 I 1 X 1 R 1 0 1 0 1 0 1 0 
I 
I I ? t  A. I 1X 1 H 1 6 , 0 1 3 1 4 
I 
I I ? 1  Q I . x . R , 0 , 0 1 0 , 0 ' 
I I 3 1 0 I 1 X 1 H 1 6 1 0 1 3 1 5 
I 
I I ".:ti 1 t . x . u . o . o . o . o 
I 
a. Contents ! of Addre .. 
I 1 . 1  @ 2 




I D @ 2 
I c @ 4 
I 
I XI B @ 6 
I 
I A @ 8 
I 
I 
I D ' @ 2 
I C '  @ 4 
• 
• XIB '  @ 6 
I 




• l n  F 
• 
I XI 




• Fl /2 
I 
• Fl /4 












< 1 . 1 ) 
C (acc) = F 
c. 7 8  
(p
2 
> 1.1) (UUU2) 
., 
I 
Float ln F (0010) 
exp ln F 
So .  Rt . 
(M reg) 
Subroutine 2 :  
Protram Input CodN 
I 
I I I I I I I 
I 
I I I I I I I 
I 
I I • I I I I 
I I I I I I I 
I I I . I I I I 
I 
I I I I I I I 
I I I I I I I 
I 
I I I I I I • 
I 
I. • I I I I I • 
• I I I I I . I 
t • I I I I . I 
•. • I I I I I I '· 
I I • I I I I 
I 
I I I I I I I ,. 
I I I I I I I 
I 
I I I I I I I 
I 
" I  01 0 1 01 01 0 1  1 .  8 
I I I I I I 
I Ii 
I I I I I I • 
I I I I I I I ' 
I I I I I I I 
I I I I I I I 
I 
I I I I i I I ' 
i I I I I I • 
I 
I I I I I I I 
I 
I I I • • I I 
I 
I I I I I I I ' 
I I I I I I I 
I 
I I I I I I I ' 
I I I I I I I 
I 
I I I , I I I I ' 
I I I I I I I 
• I I I I I I 
I I I I I I 
I 







Oaerat ion I Add, ... 
XI 
































1 3  1 .3 I X  1 :{ 1 6 1 0 I 3 1 6 
i 
1 3 1 4 1 X 1 E 1 0 , 0 1 0 1 0 
I 
1 3 1 5 . x , ui z , z .• z . z ' 
1 3 t 6 I 1 X 1 B 1 6 1 0 1 4 1 2 - I, . ·  
1 M 1 0 1 0 1 5 . 9 1 3 1 7  I I 
� I 
1 � 1 8 I I , A, 0 1 0 1 6 1 0 
I 
13 1 9 I 1 X 1 M1 6 1 0 1 4 1 2 
I 
1 4 1 0 • , x 1 n , 1 1 7 1 3 , 1 
I 
1 /a. I 1 I • I s .  0 1 o. 6 , 3 
I ' 
1 41 2 I , X 1 M 1 6 , 01 4 1 2 
I 
I la. 1 � I I , A , 0 1 0 1 5 , 8 ' 
1 4 1 /a. t 1 X 1 H 1 6 1 01 41 0 
I 1. 




] 1 41 6  I I I I I 
[ 
,. 
I ] I la. 1 7 I I I I I I 
! [  I 
I ] 1 6.1 8  I I I I I 
� [ 
I 
I ] 1 41 9 I I I I I I 
� [ 
I 
I ] 1 51 0  I I I I I 
I 
1 5 1 1 1 1 3 , 9, W, 1 1 9 , K, 0 
I 
1 5 1 2 I 1 1 ) ,  2 1 8 1 7 1 Q, Q 
I 
, 5 1 3 , 2 1 6, 21 K, 6 , w. 6 
I 
1 5 1 4 41 8 1 01 6 1 3 1 J 1 8, 0 
I 
, 5 , 5 ' 2 1 0 1 7 1 7 I 2 1 01 7 1 8 ·' 
, 5 1 6 51 F1 G1 7 , 9 1 K1 0, F 
I . .. 
I w1 w1 a.· o. 0 1 G, a 1 51 7 
I 
1 51 8  · 2, 8 1 01 41 W1 2 1 01 4 
I 
1 51 9  JI 21  W1 () .  Wt 8 1 61 Q ' 
, 6, 0  5 1 7 , 7 1  K, 3 1 O, F1 J 
I 
I 61 1 ' 2, 1 1 3 1  3 1 � I � .  31 2 
I 
, 6 1 2 • r-. 31 2. L&.; w1 7 1  1{1 · 0 
I 






I - �2 @ 
2 
I Dl @  - :::s  
I cl @ 
-1 
· � 
I 1 @ 1 
I B1 @ 
0 
• 
I � @ 2 



















I 1 6 1 3 61 K1 5, 31 8, 0, W1 0 . �  
I 
c.7 9 
Page 2 of 2 
Not•• 
Exit 24 . 0 FPIR 
Exit subroutine 
















I " r t 
� l n  F (0021 , 24) 
B ' @ 6 (001 5) 
• A @  8 (0009) 
� 
A ' ca s 
-.  
(001 7 ) 
D @ 2 {0004) 
� c  @ 4 {0005) . ., ' 
@ 4 {0013)  
; 
• t,; 
• B  @ 6 (0007 ) 
� Al @ 2 (0043) 
; -n @ 
1 
-3 (0037 ) 
� cl @ 
-1 (0038) 
- 1 .1 ca 2  (0000) 
• -n ' (a 2 (0012) 
• Bl @ 0 (0041 )  
C . 80 
Expl os ive Per formance Parameters 
Subrout ine 3 :  Compute Gannna Pa2e 1 of 2 
8 Instruction Q. Contents Note, Program Input Codes Location 
Operation I Addr••• ,; of Addtn1 U) 
I 
I I I I I I I I 
I 
� I I I I I I I I 
I 
I I I I I I I o . o . o. . o I 1 X 1 R 10 1 3 1 0 1 0 I Enter 24 . 0 FPIR 
I I 
I I I I I I I I . 0 . 1  I 1x 1 u . o . 3 1 0 1 0 I 
I I 




I I I I I I I I 1 0 1 3 I 1 X ,D 1 6 1 0 1 3 1 4 I 
I I 




. I I I I I I I I 1 0 1 5 I 1 X 1 B 1 6 1 0 1 3 1 5 I ' · I 
� 5  I I I I I I I I 1 0 , 6 I 1 X1 D , 6 1 0 1 0 1 a I 
I I 
� '16 I I I I I I I I 1 0 1 7 I 1X , H 1 6 1 0 1 1 1 7 I 
I I 
I I I I I I . .a I 1 0 1 8 I 1X 1 B 1 6 10 1 3 14 I 
I I K
2l I I I I I I I I 1 0 1 9 I 1x 1n 1 6 1 0 1 0 1 9 I 




I I I I I I I I 1 1 1 l I 1X 1P 1 6 10 1 3 14 I = c (M reg) 
I I K22 I I I I I I I I 1 1 1 2 I 1X 1M 1 6 , 0 1 1 1 0 I 
I • 





I I I I I I I I 1 1 1 4 I 1X 1 B 1 6 1 0 1 0 , 6 I 
I I 
� I . 1  I I I I I I I 1 1 5 I 1X ,D , 6  ,o 13 ,5  I 
I I 
'11 1 I I I I I I I I 1 1 1 6 I 1X I H 1 6 1 0 1 2 1 2 I 
I ' K




I I I I I I I I . 1 1 1 8 I 1X 1D 1 6 1 0 1 3 1 6 I 
I I 
'11 3 I I I I I I I I I 1 1 9 I 1X 1H 1 6 10 1 2 14. I (0 039) 
I. K
6 I I I I I I I I 1 2 1 0 I 1X 1B 1 6 1 0 10 13 I 
I ' 
I I I I I I I I 1 2 1 l I 1X 1D 1 6 1 0 1 3 14 I 
I I 
'114 I I I I i I I I 1 2 1 2 I 1X 1H 1 6  10 12 1 5 I 
I ' 
I �K24 I I I I I I I I 1 2 1 ",\ I .x I B 1 6  I O I l I l 
I 
I I I I I I I I 1 21 4  I 1X 1D 16 10 1 3  14 I 
I ' 
'11 5 I I I I I .  I I I 1 2 1  S I 1X 1H 16 1 0 1 2 16  I 
I I 
I I I I I I I I 1 2 1 6 I 1X 1E 1 0  10 10  10 I Exit 24 . 0. FPIR 
I I 
� 2  I I I I I I I I I 2 1  7 I 1X 1B 1 6  10  1 0  1 5  I 
I I 
'17 I I I . I I I I I I 21  A I ,X 1H 1 6  10 , 1 1 8 I I I 
�4 I I I I I I I I I � I Q I 1X 1B 16 10 1 0 1 7 I 
I I 
I I I I I I I I 1 31 0 I 1X 1H 16 10 12 13 I '11 2  (OOLa.R) ' 
I D<)Kg I I I I I I I I I �I 1 I .x ,'R , 6 .o 10 .La. ' 
C.81 
Subroutine 3 !  Comoute t1amma Pao,=. 2 of 2 
A Instruction A. Content• Procaram Input Cod .. 0 Location 0 Notes 
tii Ooerat ion I Addre• .. of Addreu (I) 
I 
I 
I I I I I • I 
I XI I I I I I I I I 
I 
710 0 , 0 1 3 1 2 1 X 1 H1 6 1 0 1 2 1 l 
I 
I I I I I I I t 
I I 
KS I . I 1 3 ,· 3  1 X 1 B 1 6 1 0 1 0 1 2 I I I I I I I I 
I I 
1 3 14 1 X 1 R1 l 1 4 1 4 1 8 
I TTnflnAt I I I I I I I I 
I 
1 3 1 5 1 X 1 U 1 l 1 4 1 2 1 2  
I 
I I I I I I I I 
I I 
1 3 1 6  1 X 1 Z 1 0 1 0 1 0 1 5 
I 
I I I I I I I I I 
I I 
?'5 @ 5 I 1 3 1 7 1 X 1 C 1 6 1 0 1 l 1 6 
I 
I I I I I I I I 
I I 
1 3 1 8 1 X 1 S 1 l 1 7 1 6 1 0 
I 
7 ta 29 I I I I I . . J I I 
I I 
' XI H6024 I I I I I I I I 1 3 1 9 I I (A 1 0  I O . , 1 9  (0049) 
I I 
1 4 1 0 1Y 1 0 1 0 1 4 1 2  I I I I I I I I I I I 
I I . .  
1 4 1 1 , Y , 0 1 0 , 4 1 6 I I I I I I I I I I I 
I 
1 4 1 2  1'R 1 Z 1 Z1 Z 1 Z I (0040) I I I I I I I I I 
I .. -
I I I I I 1 4 1 3 I 1 X 1R 1 l 1 4 1 4 1 8  I 1 .  I I 
I I .� . .  




I I I I I I I I 1 4 1 5  I 1 X 1 Z 1 0 1 0 1 0 1 3  I 
I I 
76 -12 @ 3 I I I I 1 4 1 6 I 1H 1 Z 1 Z 1 Z 1 Z  I (0041) I I I I I 
I 
I XI I I I I I I I I 1 4 1 7 I I 1 B 10 1 0 14 1 6  
I I 
I I I I 1 4 1 8 I 1 S 1 0 1 0 1 3 1 0 
I H6023 I I I I I 
I 
I I I I I I I I 1 41 9 I I 1T 10 t0 1 3 t9 I Loop 
I I 
I I I I I I I , 5 1 0 1X 1 S 1 l 1 7 1 2 1 7  I 4 @ 29 I I 
I I 
I I I I 1 5 1 1 1A , 0 1 0 1 fi 1 3  
I H6028 (0061) I • I I I 
I 
• I I I I I I 1 5 1 2 1Y 1 0 1 0 1 S 14 I I I I 
. I ' 
I I I I I I I I , 5 1 3 I I 1Y 1 0 1 0 15 1 8  I 
I I 
I I I I I I I I 1 5 1 4 1B 1 Z 1 Z 1 Z 1 Z . ,  (0052) I I 
!, I 
I XI I I I I I I I I 1 5 1 5  I 1X 1R 1l 1 4 14 1 8  Unfloat 
I I 
I I I I I I I I 1 5 , 6 I 1X , U , l 14 1 2 , 2  I ' I 
I I I I I I I I 1 5 1 7 I 1X 1Z 10 1 0 10 10 I 
I I 
@ 0 
I I I I I I I I 1 5 1 8 I I 1'R , Z 1 Z 1 Z 1 Z  I "1. 13 . 14 . 1 1 (005 3) 
I 
.I I I I I I I I 1 51 9 I ,'R , 0 . o 1 5  1 8 I 
I 
I I I I I I I I 1 6 1 0 I 1 S  10  1 0  10  1 4  I H6027 
I 
I I I I I I I I 1 6 1 1 I I 1T ,0 1 0 1 S 1 l I Loop 
I 
I I I I I I I I 1 6 1 2 I 1X 1U 1 Z . z  1 Z 1 Z I Exit subrout ine ' I 
I XI I I I I I I I I 1 6 1 3 I ,X ,H 1 6 1 0 1 2 1 8 (005 1) 
I I 
C.82 
Exnlosive Performance Parameters 
Subroutine 4 !  Primarv -ata Innut Paao , nf  4 
a. · Instruction A. Contents 
r 
Program Input Codes 0 Location 0 Not,s - 0Nration I AddrHa In of Add, ... U) 
I 
I I I I I I I I 
I . �  I I I I I I I 
I I I I I I I 0 1 0 1 0 1 0 I 1 X 1 P 1 l 1 6 1 3 1 6 I (CR) I I 
I I .  I I I I I I 1 0 1 1 i 1 X 1 C 1 6 1 3 1 3 1 7 I Clear acc. 
I ' 
I I I I I I I I 1 0 1 2 I I 1 Z , 0 1 0 1 0 1 0 I Delay and Lo ., ' 
I I I I I I I I 1 0 1 3  I 1 X 1 P 1 0 1 0 1 3 1 9  I Input cw 
I I 
I I I I I I I I 1 0 1 4 I 1 X 1 I 1 0 1 0 1 4 1 0 I 1 . I 
I I I I I I I I 1 0 1 5 I 1 X 1 P 1 0 1 3 1 4 1 l  I (Space) ' 
I I I I I I I I 1 0 1 6 I 1 X 1 N 1 l 1 7 1 3 1 0  I 1 @ 30 ' 
� I I I I I I I I 1 0 1 7 I 1 X1S 1 l 1 7 1 3 1 0  I CW - ·1 @ 30 ' 
I I I I I I I I 1 0 1 8  I 1 X 1 Z 1 0 1 0 1 4 1 4  I Delay 
I 
I I I I I I I I 1 0 1 9  I 1 X 1T 1 Z 1 Z 1 Z 1 Z I Exit subroutine 
I I 
I I I I I I I I I l 1 0 I I 1 8 1 0 1 1 , 4 1 6 t x ·- I I 
I I I I I I I I I l 1  l I I 1 T 1 0 1 0 1 3 14 I cw = x I I 
I I I I I I I I 1 1 1 2  I I 1 8 1 0 1 1' 4 1 8  I heat 
I ' 
I I I I I I I I 1 1 1 � t I 1 T 1 0 1 b 0 1 4  I cw = heat I I 
I I I I I I I I I l I U 1 S 1 0 1 l 1 S 1 0  I mol es 
·. 
I I ' XI I I I I I I I I I 1 I Ci I I 1 T 1 0 1 l 1 l 1 6 I cw = moles I ' 
I I I I I I I I 1 1 . 6 I I 1 S 1 0 1 l 1 S 1 2  I error 
I I 
I I I I I I I I I 1 1 7 I I 1 T 1 0 1 0 1 S 1 3  I cw = .error I I l 
I I I I I I I I 1 l 1 A  I I 1 S 1 0 1 1 ' S 1 4  I dens ity 
I 
· 1 I I I I I I I 1 1 1 g I I 1T 1 0 1 1' 2 1 2  I cw = density 
I ; 
I I I I I I I I 1 2 1 0  I 1 X1 P 1 2 1 4 1 S 1 6 I (Tab) 
. I I 
I I I I I I I I 1 2 1 1 I 1 X1 Z 1 0 1 0 1 S 1 7  I Delay I I I 
I I I I I I I I 1 2 1 2 I 1 Xt ·P 1 l 1 2 1 S 1 8  I (CS) ' XI I I I I I I I I 1 2 1 1 I 1 Y1 7 1 0 1 0 1 S 1 Q I Delav 
I 
I I I I I I I I I 2 1 &, I 1 X 1 P 1 3 1 7 1 6 1 0  I (e) 
I 
I I I I I I I I I ? 1  Ci I 1 Y 1 7 1 0 1 0 1 f; 1 l I Delav 
I 
I I I I I I I I I 2 1 6 I 1 X1 Pt 0 1 7 1 6 1 2 I ( - ) 
I 
I I I I I I I I I ? 1  7 I 1 X1 Z 1 0 1 0 1 6 1 3 I Del av 
I 
I I I I I I I I I ? 1  A I 1 X1 P 1 0 1 6 1 0 1 0 I ( 1 )  ' 
I I I · ,  I I I I I ? 1 Q I 1 X1 Z1 0 1 0 1 0 1 l I Del av 
I I 
I I I I I I I I I � I Q I 1 X 1 P1 l 1 2 1 0 1 2  I ( CS) 
I 
XI I I I I I I I I I -;a.1 1 I 1 Y 1 Z 1 0 1 0 , 0 , 3 I Del av 
I 
. 
· subroutine 4 : 
Q. 
Program Input Codes 0 en 
I 
I 
I I I I I I 
I 
I I I I I I I I 
I 
I I I I I I I 
I 
I I I I I I I 
I 
I I I I· I I I 
I 
I I I I I I I 
I 
I I I I I I I 
. I  I I .  I I I 
I 
I I I I I I I 
I I I I I I I 
I 
I I I I I I I 
I . .  
I I I I I I I 
I I I I I I I 
I 
I I I I I I I 
I 
I I I t I I I 
I 
I I I I I I I 
I 
I I I I I I I 
I 
I I I I I I I 
I 
I I I I I I I 
I 
I I I I I I I 
I 
I I I I I I I 
I I I I I I I 
I 
I I I I I I I 
I I I I I I I 
I 
I I I I t· I I 
I 
I I I I I I I 
I 
I I I • I I I 
I I I I I I I 
I 
I I I I I I I 
J I I I I I 
I I . I I I I 
·I 
I I I I I I I 
I I I I I I I ' 
I I I I I I I 
Primary Data Input 
Instruction Q. Contents Location 0 
Ooerat i on I Address - of Addreu U) 
� . . 
0 , 0 1 3 1 2 I I X 1 2 1 3 1 2 1 0 1 Q 
I 
I 
I 1 3 1 3 I I , U, o, 0 1 0 1 0 ' 
I 
I 1 3 1 4 I I X , A, l 1 7 1 3 , 0 ' 1 @ 30 
I 
I 1 3 1 5 I I I T. o, O, 2 . 0 ' 
I 
I , 3 , 6 I I 1 B 1 0 1 11 4 1 5 
I x code 
T 
I 1 3 1 7 1 A1 0 1 0 1 0 1 2 
I Lo I I 
I 




I XI I 1 ':\ 1 9 I I X 1 U, 11 7 ,  Q, 4 
I x
1 @ 7 I 1 4 1 0 I I 1 B 1 0 1 1, 4, 1 I 
I 
, 4 , 1 I , X 1 D, 1, 7 .  3 , 3 I 1 @ 3 I 
I x
1 @ 4 I , 4 , 2 I • X 1 H,. 6, 0 , 5, 1 I -
T x
2 @ 7 I 1 4 1 ':\ I I 1 B 1 0 1 1 , 4 1 2 I 
I 
I , 4 , 4 I , x , D. 1. 7 1 3 , 4 I 1 @ 4 
l x
2 @ 3 I 1 4 1 5 I I X 1 H, 6, 0 1 5 1 2 I 
I 
X3 @ 7 I 1 4 1 6 I I 1 B 1 0 1 1 1 4 1 3 I 




I 1 4 1 8 I I X 1 H 1 6 , 0 1 3, 5 I 
T 
X4 @ 7 I , 4 , 9 I I , B 1 0t i 1 4 1 4 I 
I 




I , s , 1 I , X , H ,  6 ,  0 1 5 ,  4 ' 
I 
I Ii I 2 . u. o . o . o. o  ' I I 
I 
I , 5 1 3 I • x, A. 1 1 7 , 3, 0 ' 
T 
I , 5 1 4 I I 1 T , 0 , 0 , 2 , o  ' 
T ' XI Error I , 5 , 5 I I , R , 0 1 1 1 5 1 1 cod 
I 
I , 5 , 6 I 1 X , R, l 1 7 , 2 1 1 I I 
I 1 5 , 7 I I X t U 1 l 1 7 1 0 1 4 I r 
@ 7 , 5 , 8 , Y , R. 6 1 0 1 4 1 5 ' I I v ' 
I , 5 , 9  , v .  n . 1 ,  7 ,  ':I ,  c; I 
I 
@ 2 
1 6, 0 I x , H • 6 , O, 4 1 5 ' I I v 
I 
@ 7 I 1 6 1 1 I I X i Ba 6 1 0 1  4 1 6 ' ET 
I 
1 @ 7 I 1 61 2 I I Y 1 M, 1 1 7 1 ":1 1 7 ' I • Xi �T @ 14 I 1 6 1 3 I I Y 1 'U ,  f;. 1  0 1 I.a.a f;. 
I 
C.83 
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Notes 
BP 32  halt 
Loop to Lo 
(0011) 
Error 
(411 @ 7 ) 
11 . 1  Data Input 
Loop to Lo 
(0017) 
Error 
:! ( 311 r«i 7) 
11 . 1  Data Innut 
. � 
� 
Subroutine 4 !  
Program Input Codes 
I 
I I I I I I I 
I 
I I I I I I I 
I 
I . I I I I I 
I 
I I I I I I I 
I 
I I I I I I I 
. I 
I I I I I I I 
I 
I I I I I I I 
I 
I I l I I I I 
I 
l I I I I I I 
I 
I I I I I I I 
I 
I I I l I I I 
I . .  
I I I I I I I 
I 
I I I l I I I 
I 
I I I I I I I 
I 
I I I I I I I 
I 
I I I I I I I 
I 
I I I I I I I 
I 
I I I I I I I 
I 
I I I I I I I 
I I I I I I I 
I 
I I I I I I I 
I 
I I I I I I I 
I I I I I I I 
I 
I I I I I I I 
I 
I I I I I I I 
I 
I I I I I I I 
I 
I I I I I I I 
I I I I I I I 
I 
I I I I I I I 
I 
I I I I I I I 
I 
I I I I I I I 
I 
I I I I I I I 
I 
I I I I I I I ' 
I I I I I I I 
I 
Primarv Data Inout 
� Instruction 
.! Location Operation I AddrHI 
I . � 
0 , 1 , 0 . 0  I , X 1 B l
6 1 0 1 4 17 
I , 0 , 1 I , X , D 1 l 1 7 1 3 1 S 
I 
I I 0 1 2 ! I , X 1 H1 6 1 0 1 4 1 7 
I 
I 1 0 1 3 I I , u , 0 , 0 , 0 1 0 
I 
I I 0 1 4  I , X 1 A 1 l 1 7 1 3 , 0 
I 
I 1 0 1 5  I I 1 1' , 0 1 0 1 2 1 0 
I 
I 1 0 , 6 I I 1 B 1 0 1 l 1 4 , 7 
I 
l I 0 1 7 I 1 .,...1 A. 0 1 0 1 0 , 2 
I 
I 1 0 1 8  I 1 X , R 1 l 1 7 1 2 1 l ' 
I 1 0 , 9 I 1 X 1 U 1 l 1 7 1 0 1 4 
I 
I , la O ' --L  1 B 1 0 1 l 1 S 1 7 
. I 
I I 1 1 1 I 1 X 1 M1 l 1 7 1 3 1 2  
I 
I 1 1 1 2 I 1 X 1 H 1 6 1 0 1 3 1 l 
I 
I I 1 1 3 I I 1 B 1 0 1 l 1 .S 1 8  
I 
I 1 1 1 4 I 1 X 1 H 1 6 1 0 1 3 1 2 
I 
I I l 1 'i I I 1 U 1 0 1 l 1 6 1 0  
I 
I I 1 1 6 I 1 X 1 A 1 l 1 '? 1 3 1 0 
I 
I I 1 1  7 I I , T , 0 1 0 1 2 1 0 
I 
I I 1 1 8 I I 1 B 1 0 1 l 1 4 1 9 
I 
I I 1 1  Q I 1 X 1 R 1 l 1 7 1 2 1 l 
I 
I 1 2 1 0 I I x  I U.1 1 , 7 I O I 4 
I 
I I 21 1  I I , ·c , o , o , o , o 
I 
I I 2 1 2 I 1 X 1 A1 l 1 7 1 3 1 0 
I 
I I 2 t  � I I 1 T 1 0 1 0 1 2 1 0 
I 
I I 2 1 4 I I , 'B 1 0 1 l 1 S 1 3 
I 
I I 2 1 Ii I I 1 A1 01 0 1 0 1 2  
I 
I I 2 1 6 I 1 )( d� 1 ]  1 7 1 2 1 1  
I 
I I 2 1 7 I 1 X 1 Ur l 1 7 1 0 1 4 
I 
I I ? 1 R I 1 Y 1 R 1 l  1 7 1 1 1 n  
I 
I I ? 1  Q I I 1 n 1 0 1 1 , c; , c;  
I 
I I 3 1  Q I 1 X 1 H 1 6 1 0 1 4 1 3 
I 
I I ':ti 1 I I . B . 0 , 1 , s . s ' 
A Cc,ntents 0 
� of Addre .. 
E! (9 I 
I x 
I 1 @ 5 
€ � 2 
I x 
I 
I 1 @ 30 
I 
I heat code 
I [XI Lo 
• 
I 
. , till:£ @ 14 
I 1 @ 2 



















I 1 @ 6 




l @ 2 
I 
[X}Pl @ 4 
C.84 
PaQe 3 of 4 
Not ea 
Loop to Lo 
( 0013) 
Error 
( 3# @  14) 




( 94! @ 7)  • .  








le ( UI @ 2) 
11 . 1  Dat� Input 
I 
-
Subroutine 4 :  
Program Input Codes 
I 
I I I I I I I 
I 
I I I I I I I 
I 
I I I I I I I 
I 
I I I I I I I 
l 
I I I I .  I I I 
I 
I I I I I I I 
I I I I I I I 
I 
I I I I I I I 
I 
I I I I I I I 
I I I I I I I 
. I 
I I I I I I I 
I . .  
I I I I I I I 
I I I I I I I 
I I I · 1 I I I 
I 
I I I I I I I 
I 
I I I I I I I ' 
I I I I I I I 
I 
I I I I I I I 
I 
I I I I I I I 
I 
I I I I I I I 
I 
I I I I I I I 
I 
I I I I I I I 
I 
I I I I I I I 
I 
I I I I I I I 
I 
I I I I I . I I 
I 
I I I I I I I 
I 
I I I I I I I 
I 
I I I I I I I 
I 
I I I I I I I ' 
I I I I I I I 
I 
I I I I I I I ' 
I I I I I I I 
I 
I I I I I I I 
I 
I I I I I I I 
I 






0 1 1 1 3 1 2 
I 1 3 1 3 
· ,  , 3 1 4 
I 1 3 1 5 
I 1 3 1 6 
I 1 3 1 7 
I 1 3 i 8 
- 1  1 3 1 9 
I 1 41 0 
I , 4 1 1 
I , 4 , 2 
I 1 4 1 3 
I 1 41 4  
I 1 4 1 5 
I 141 6 
I 1 4 1 7  
I 1 4 1 8  
I 1 4 , 9 
I 1 5 1 0 
I 1 5 1 1 
I 1 5 , 2 
I , 5 , 3 
I , 5 1 4 
I 1 5 , 5 
I , 5 1 6 
I , 5 1 7 
I 1 5 1 8 
I 1 5 1 9 
I , 6 1 0 
I I 61 1 
I I 61 2 
I 1 6 1 3 
Inst ruct ion 










[ I  












, X 1 D 1 l 1 7 1 3 1 2 
I 
1 X 1 H , 6 1 0 , 4 , 1 
I 
1 X , B 1 1 , 7 , 3 , 6  
I 
1 D 1 0 , 1 , 5 , 6  
I 
, X 1 H 1 6 1 0 1 4 1 4 
I 
I 1 B 1 0 1 l 1 5 1 6 
I 
1 X 1 D 1 l 1 7 1 3 1 2 
.,. I 
1 X 1 H 1 6 1 0 1 4 1 2 
I 
1 U 1 0 1 0 , 0 1 0 
I 
I ] I I I I 
I 
I ] I I I . I I 
I 
] I I I I I I 
I 
] I I I I I I 
I 
, 4 , 2 , 0 1 l 1 F 1 4 
I 
I I I 1 1 , 2 
I 
1 3 1 4 1 0 1 l 1 G> 1 4 
I 
I 1 l 1 9 1 3 1 J 1 4 
I 
I 9 1 2 1 1 1 .T ,  Tl, .T 
I 
I 1 R'1 6 1 tJ 1 6 1 8 
I 
I 1 1 2, 1 1 .T I r- , 4 
I 
I 1 3 , 6 1 3 1 J 1 8 
I 
, 2 ,  1 , 0 1 l I K. J 
I 
, G ,  1 .  G, 8 , 2 , 5 , Q 
r .  I I ] I I I I I 
[. 
I 
I I I I ] I 
[ .  
I 
I I I I I I ] 
[ .  
I 
I J I I I I I 
I 
[ .  I I I I I I ] 
I 
I I 1 B 1 0 , l 1 5 1 9 
I 
I 1 X 1 D , l 1 7 , 3 1 9 
I 
I , X , H 1 6 1 0 , 3 1 0 
I 
I I 1 U 1 0 1 0 1 0, 0 
I 
C . 85 
Page 4 of 4 
Q. Contents 0 Notes - of Address U) 
I 1 @ 2 
' p @ 2 1 
I 1 @ 6 
' P2 @ 4 
' v2 @ 2 
I P2
@ 4 " 
' 
, [XI P2 @ 2 
I Loop to Lo 
' xl @ 7 
I x2 @ 7 
I X3 
@ 7 
' X4 @ 7 
I 411 @ 7 at 0141 
' x ca 30 
, [Xl 341 @ 14 at 01 57 
I heat (cl 30 
' 
9# (cl 7 at l\OS'i 
I moles (cl 10 
I 3fl (cl 7 at 60la.5 
I 
�I. I. l.H (cl �o 
I 241 @ 4 at 01 55 
I density @ 30 
' [X1 Pl @ 4 
I P2 @ 4 
I Mf @ 1 4  
I T2 @ 14 
' cv19 @ 14  
I <;,19 @ 14  (01 1 5) 
' 1 @ 9 
� cv19 @ 5 
I [X1 Loop to Lo 
C . 86 
Expl osive Performance Parameters 
Subrout ine 5 : ·  Compute Yi Pa�e 1 o f  2 
� Instruction A. Contents l Program Input Codes 0 Location 0 Notes - Ooeration I Address In of Addreu U) 
I 
I I I I I I I I 
I 
� I I I I I I I I 
I 
x1 cg. 4 I I I I I I I 0 1 0 , 0 t O  I 1X I B 1 6 1 0 • s , 1 I 
I I 
I I I I I I I I 1 0 1 1 I 1X 1R , 1 1 8 1 S , O I B4 -1P-WS Sq . Rt .  
I I 
I I I i I I I I , 0 , 2 I 1 X , U , 1 , 8 1 0 , O  I ·-I I J. I£ 
I I I I I I I I , 0 , 3 I 1X 1 H 1 6 1 0 1 5 1 0 I xl @ 2 
I I 11 3  @ 0 
I 
I I I I I I I I , 0 1 4 I 1X 1 M 1 6 , O 1 2 14 I 
I I 
@ 2 . .  I I I I I I I 1 0 1 5  I 1 X 1H , 6 1 1 1 l , 3 ' Y13 
I I 
x2 @ 3 I I I I I I I I 1 0 1 6 I ,x , B , 6 , 0 1 S , 2 ' 
I I Xf 714 @ - 1  I I I I I I I I 1 0 1 7  I ,X 1M , 6  , 0 , 2  , 5  I I I 
@ 2 I I I I I I . l I , 0 , 8  I ,X , H , 6 1 1 , 1 ,4 I Y14 
I I 




I I I I 1 · I I I 1 11 0  I ,X 1M i 6  , 0  , 5  , 3  ,. 
I I 
Y1 5 @ 
2 
I I I I I I I I 1 1 1 1 I 1X 1 H , 6 1 l 1 l 1 5 ' 
I I 
712· @ 
2 I I I I I I I I , 1 , 2 I 1X 1 B 1 6 1 0 1 2 1 3  ' 
I I 
I I I I I I I I 1 1 1 3 I 1X 1M , 6 1 0 1 S 1 2 I 
I I 
I I I I I I I I , 1 , 4 I ,X 1M 1 6 , O , S 1 3 I 
I ' Xf Y12 @ 7 I I I I I I I I I 1 I Ii I 1X 1 H 1 6 1 l  , 1 1 2 I 
I I 
I I I I I I I I I l ,  6 I 1X 1 B 1 6 1 0 1 S 1 0 ' 
I I 
I 1 I I I I I I 1 1 , 7 I 1X 1M 1 6 1 0 1 S 1 1  I 
I I 
@ 3 I I I I I I I I 1 1 1 8 I 1X 1M 1 6  10 1 2  , 2 I 71 1  
I I 
@ I I I I I I I I 1 1 1 9  I ,x I H I 6 , 1 1 l I l I Y1 1 ' . 
I I I I I I I I 1 2 1 0  I 1X  1B  1 6  1 0  1 2 �, 1  ' 710 @ 3 
I I x � @ 4 I I I I I I I I 1 2 1 1 I 1X 1M 1 6 1 0 14 , 9 I 3 
I I 
Y10 @ 7 I I I I .. I I I 1 2 1 2 I 1X 1H 1 6 ' 1 1 1 10 I 
I I 
I XJxl @ 4 I I I I I I I I I 2 1 � I 1X 1B 1 6 1 0 1 5 '1 
I I 
I I I I I I I I 1 21 4  I ,X 1M 1 6 , O , S 1 3 ' 
I I 
7g @ 1 I I I I I I I I 1 2 , 5 I 1X 1M 1 6 , O 1 2 10 ' I I 
I I I I I I I I 1 2 1 6 I 1X I D  al 1 7 1 3 1 5 I 
1 @ 5 
I I 
I I I I I I I I I 21 7 I 1X 1M 1 6 1 0  1 5  14 I X4 @ 
5 
I I 
I I I I I I I I I 21 8 I ,X ,H 1 6 , l ,0  ,9 I Xg @ 7 l I 
x1 "L. @ 6 I I I I I I I I I ? 1  Q I ,X I B 1 6 I O ,4 1 8 ' 
I I 
I I I I I I I I 1 3 1 0  I 1X 1M 16 10 1 l 19 I 7R @ 0 
I I , xr I I I I I I I I I ":ti 1 I .x ,M • 6 • 0 • s ,4 
I 
C. 87 
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Program 
0. Inst ruct ion 0. Contents Input Codes 0 Location 0 Notes u; Ooerat ion I Address - of Address U) 
l ' 
l I I I I t I 
l · �  I I I I I I I 
I 
I I I I I I I 0 , 0 1 3 1 2 I , X , 0 1 1 , 7 , 3 1 4 
' 1 @ 4 l I 
@ 7 I I . l I I I I I , 3 1 3 I 1 X , H , 6 , l , 0 1 8 
I Yg 
I 















7 �- 7 I I I I I I I I 1 3 1 7 I 1 X1 H 1 6 1 l 1 0 1 7 I I I l. / L @ 
I I I ' I I I I 1 3 1 8 I 1 X 1 B 1 6 , 0 1 S 0 I x, 2 l I , IXJ x1 I I I I I I I I 1 3 1 9  I , X (M 1 6 , o , s • . 1 @ 4 l I 
I I I I I I I I 1 4 1 0 I , X 1 M 1 6 1 0 1 1 , 7 ' '6 @ 1 I I 
I I I I 
. .  
, u 1 l 1 X 1 D , l . 7 , 3 , 3 I 1 @ 3 I I I I I 
I 
I I I I I I I I , u , 2 I 1 X 1 M , 6 1 0 1 5 , 2 I x2 @ 
3 
I I· 
I I I I I I I I 1 u , 3 I , X, H , 6 1 1 , 0 1 6 I y6 @ 
7 
l I 
t I I I I I I I , u , u I 1 X 1 B , 6 , 0 , S , l I I I 
I I I I I I I I I U I 'i I 1 X1 M , 6 1 0 , 5 , 3  I I I 
I I I I I I I I , u 1 6 I 1 X 1 D , 1 , 7 , 3 , 3  ' I I 
· IXI ,, @ I I I I I I I I , u , 1 I 1 X1 M 1 6 1 0 1 l 1 6 5 I ' I 
I I I I I I I I 1 u 1 8 I 1 X 1 D 1 1 , 7 , 3 , 1  I 1 @ 1 I I 
I I I I I I I I , 6. , 9 I 1 X 1 H 1 6 L l 1 0 1 S I Y, @ 7 I I 
I I I I I I I 'i I Q  1 X1 B , 6 1 0 , 2 1 8 I '4 @ 
2 
I I I 
I 
X
4 @ I I I I I I I I I li t  1 I 1 X 1 M , 6 1 0 1 S 1 4 I I I 
I I I I I , 5 1 2 1 X, H , 6 1 l 1 0 1 4 I Y4 @ 
7 
I I I I T I 
I I I I I I I I 1 5 1 3 I , X1 B1 6 1 0 1 S 1 3 I J . I 




7 I I I I I I l I , 5 , 5  I 1 X 1 H 1 6 1 l 1 0 1 3 I I I 
I I I I I I I I , 5 1 6 I 1 X, B , 6 , 0 1 5, 2 I I I 
I I I I I I I I 1 5 1 7 I 1 X, M , 6 1 0 1 5 1 2 ' I ' 
I I I I I I I I 1 5 , 8  I 1 X1 M 1 l 1 7 1 3 1 l I ' I 
Yz @ 7 J I I I I I I I 1 5 , 9 I 1 X 1 H 1 6 1 l 1 0 , 2 ' ' I 
I I I I I I I I 1 6 1 0 I 1 X1 B 1 6 1 0 1 5 1 1 I I I @ 3 I I I I I I I I , 6, 1 I 1 X1 M , 6 1 0 , 2 1 7 I )'1 I ' 
@ 7 I I I I I I I I , 6, 2  I 1 X 1 H 1 6 , l , 0 1 l • Y1 
I 
, XI I I I I I I I I 1 6 1 3 I , X, U, Z 1 Z 1 Z 1 Z Exit subroutine I 
Explosive Performance Parameters 
Subroutine 6a 
PrOCJram Input Codea 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I . I l 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
J I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 







































































































































6b :  Gannna Shift. X 'roC! t  
a. Instruction 0 Location Ooeratlon I Address U) 
I 
' XI 
0 , 0 1 0 1 0 I 1X I B 1 6 1 0 1 l 1 7 
I 
I 1 0 , 1 I 1X , D , l 1 7 , 3 1 2 ' 
I 1 0 1 2 I .x , H . 6 1 0 . 1 . 7 
I 
I 1 0 1 3 I 1 X , B , 6 ,0 , l 1 8 
I 
. I 1 0 1 4 I 1X 1 D , l 1 7 1 3 1 l 
I 
I 1 0 1 5 I 1X , H , 6 1 0 , 1 , 8 
I 
I 1 0 1 6 I 1X , B 1 6 1 0 1 l 1 9 
I 
I 1 0 1 7 I 1X
r
, D , l 1 7 1 3 1 3 
I 
I 1 0 1 8 I 1X , H , 6 1 0 1 1 19 
I 
I I 0 1 9 I 1X 1 B 1 6 1 0 1 2 10 
I 
I a l , O I aX a D , 1 , 7 1 3 1 2 
1 
I 1 1 1 l I 1X 1 H 1 6 1 0 1 2 t0 
I 
I 1 1 1 2 I 1 X 1 B 1 6 1 0 1 2 1 3 
I 
I 1 1 1 1 I 1X ID • 1 1 7 13 1 l 
I 
I I l 1 4 I 1X 1 H , 6  1 0 12 13 ' 
I I l I Ii I ,Y , B , 6 ,0 ,2 , !:i  
I 
I 1 1 1 6 I 1X 1D 1 l 1 7 13 1 l 
I 
I I 1 1 7 I 1X 1 H 1 6 10 12 1 S 
l 
I I 1 1 8 I 1X I B 16  10 12 1 7 
I 
I I 1 1 9 I 1X 1M  11 1 7 13 12 
I 
I 1 2 1 0 I 1X 1H , 6  10 12 1 8 
I 
I I 2 1  l I 1X 1M , 1 I 7 13 a l 
I 
I I 2 1 2 I 1X I H 16 I O 12 I 7 
I 
I I 2 1  ':\ I 1X I U I Z I Z I Z I Z 
I 
I I 2 1  6. I .x I B 1 6  I O  , 5 1 l 
I 
I I ? 1 Ii I I 1T 10 10 ,3 10 
I 
I I ? 1 I. I 1X ,M 16 10 ,5 13 
T 
I I ? 1 7 I I 1T 10 10 13 10 
I 
I I ? 1 A I ,X 1S al 17 ,3 13 
I 
I I ? t  Q I I 1T 10 •O 11 ,q 
I 
I I 11 0 I 1Y a'R 12 11 10 18  ' 
I I .o;a1 1 I .v .n ., .':l  . �  . �  � 
c . .  :BB 
Pao� 1 n r  ' 
A Contents · · NotN 
G; of· Acid,_ 
I r6 @ 
3: Here for 'Y shift 
' i @ 2 
I 'Y 6 @ 
1 
I 'Y7 @ 
3 
I 1 @ 1 
I 'Y7 @ 
2 
I rs @ 3 
I �1 @ 3 
I rs @ 0 





I 112 @ 
3 
I 
I 112 @ 
2 
I �r, t.. @ o 
I 
I 114 @ 
-1 
I 1L 4 @ 
o 
I 
I 11 @ 
2 
I 
I 'Y4 @ 
3 
I X1 Exit subroutin e  
I xl @
4 
Here for X test 
I xl < 0  
I x3 @ Z 
I x3 
< 0 





• Enter a/J 
• )(I 
Subroutine 6 : 
Program Input Codes · 
I 
I . I I I I I I 
I 
I I I I I I I 
I 
.. 1 o, O, o. 0 1 01 o. 2 
I 
I I I I I I I 
I 
I I I I I I I 
1 
I I I I I I I 
I I I I I I I 
I 
I I I I I I I 
I I I I I I I 
I 
I I I I I . I I 
I 
I I I I I I I l 
I I I I I I · · I 
T 
I I I I I I I 
J 
·, I I I i I I 
I I I • I I I 
I I I I I I I 
1 
I I I I I I I 
I 
I I I I I I I 
1 
I I I I I I I 
I 
I I t I t I I 
I 
I I I I I I I 
I 
I I I I I I I 
l 
I I I I I I I 
• I .. I I I I 
T 
I I I I t I I 
1 
I I I I I I l 
I t I I t I I 
I 
I I I I I I I 
I 
I I I t 1 . I I ' 
J I I I t I I 
I 
I I I . I I I I I 
I I I . 
I I I I 
I 
I I I I t I I 
I 
I I t I I I I 
Gamma Shift,  X Tes t  
Q. Inst ruction 0 Location - ODArat ion I Address en 
I 
· �  
' 
0 1 0 1 3 1 2 61 0 1 31 0 1 E1 4 1 - 1 J  
I 
I 1 3 1 3 21 8 1 3, 0 , 4, 0 1 01 0 
I 
I 1 3 , 4 • I x, R1 Z 1 Z 1 Z, Z 
I 
I 1 3 1 5 I I x, U1 Z 1 Z1 Z1 z 
I 
I 1 3 1 6 I I x, R, Z1 Z 1 z. Z 
I 
I 1 3 1 7 I I x, Ut z, Z 1 Z1 z 
I 
I 1 3 1 8 I I I lJ1 0 1 0 1 2 1  4 
I 
I I :I 1 9 I 1 X1 R1 6 1 0 1 5 1 4 
I 
I 1 4 1 0 I I 1 T1 0 1 0 1 1 1 0 
I 
I 1 4 1 1 I I X1 M1 6 1 0 1 5, 3 
I 
I I U I 2 I 1 X 1 S 1 1 1 7 1 3, 3 
I 
I 1 4 1 � I I 1 T , 0 1 0 1 4 1 5 
I 
I 1 4 1 4 t I I U1 0 1 0 1 31 0 
I 
I 1 4 1 5 I I X 1 B 1 6 1 0 1 5 1 2 
I 
I 1 4 1 6 I I 1 T1 0 1 0 1 3, 0 
I 
I 1 4 1 7 I 1 X1 B 1 6 1 0 1 5 1 1 
I 
I I l&. 1 8 I I X 1 M, 6 1 0 1 5 1 4 
I 
I I l&. 1 g · 1 1 X 1 S 1 l l 7 1 3 1 3 
I 
I 1 5 1 0 I I 1 T 1 0 1 0 1 5 1 2 
I 
I I 'i I 1 I I , u , 0 1 0 1 3 1 0 
I 
I 1 5 1 2 I 1 X1 B1 6 1 0 1 5 1 l 
.. 
I , 5 , 3  I 1 X , M 1 6 1 0 1 5 , 1 
I 
t , 5 , 4 I 1 X 1 S , 1 1 7 1 3 , 2 
I 
t 1 5 , 5 I I 1 T 1 0 1 0 1 5 1 7 
I 
I 1 5 , 6 I I 1 U 1 0 1 0 , 31 0 
I 
I 1 5 1 7 I 1 X 1 A 1 l 1 7 1 3 1 2 
I 
I 1 5 1 8 I 1 X 1 D , l 1 7 1 3, 2  
I 
I , 5 . 9 I 1 X 1 H 1 6 1 0 1 4 , 8 
I 
I 1 6 1 0 I 1 X1 B 1 6 1 0 1 5 1 3 
I 
I 1 6 1 1 I 1 X1 M 1 6 1 0 1 15 1 1 
I 
I I 6 1 2 I 1 X1 H 1 6 1 0 1 l&. 1 Q 
I 
I 1 6 1 3 I 1 -X 1 TT 1 7. 1 7. 1 7. 1 7. 
I 









I � X4 @ 5 
I 
I X3 @ 
2 
• 16 @ 7 
., 
I 




1 @ 4 
I 





• 64 @ 8 · � 
• 
I 64 ca a 
I 1 ca 2 
' x1




2 @ 4 
I X1 
c . 89 
Pa2e 2 of 2 
No tea 
Tab cs e -




(need l inkage) 


































1 > 64 
Exit subroutine 
h 
Exolosive Performance Parameters 
Subroutine 7 : 
Program Input CodH 
' 
I I I I I I I 
I 
I I I I I I I 
I 
I • I I I I I ' 
I I I I I I I 
I 
I I I I I I I 
I 
I I I I I I I 
I 
I I I I I I I 
I 
I I I I I I I ' 
I I I I I I I ' 
I I I I I I I 
I 
I I I I I I I 
I . .  
I I I I I I I ' 
I I I I I I I 
I 
I I I . I I I I 
I 
I I I I I I I 
I 
I I I I I I I 
I 
I I I I I I I 
I 
I I I I I I I ' 
I I t I I I I 
I 
I I I I I I I 
I 
I I I I I I I 
I 
I I I I I I I ' 
I I I I I I I ' 
I I I I I I I 
I 
I I I I I I I 
I 
I I I I I I I 
I 
I I I I I I I 
I 
I I I I I I I 
I 
I I I I I I I 
I 
I I I I I I I 
I 
I I I I I I I 
•. 
I I I I I I I 
I I I I I I I ' 










0 1 01 0 , 0 
I , 0 , 1  
I , 0 , 2  
I 1 0 1 3 
I 1 0 1 4 
I 1 0 1 5 
I 1 0 , 6  
I 1 0 1 7 
I 1 0 1 8 
I 1 0 1 9 
I I 1 1  0 
I 1 1 1  l 
I 1 1 1 2  
I I 1 1  3 
I , 1 , 4 
I I 1 1  'i 
I 1 1 1 6 
I 1 11 7 
I 1 1 1 8  
I 1 1 1 9  
I 1 2 1 0 
I 1 2 1 1 
I 1 21 2  
I 1 2 1 � 
I I 2 1 6. 
I I ') I m; 
I 1 2 1 6 
I 1 21 7  
I I 21 R 
I I 2 1  Q 
I 1 31 0 
I I -:11 1 
Ri 
Instruction 
Oaration I Addr•• 
I , X 1 B , 6 1 l 1 1 , 3  
I 
I , X, M, 1, 7 , 3 , 5  ' 
I , X1 H, 6 1 1, 2 , 3 
I 
I , X, B1 6 1 11 1 1 4 
I 
I , X, M , 11 7 1 3 1 5 
I 
I 1 X1 H1 6 1 l 1 2 1 4  
I 
I I X1 B1 6 1 i .  i. 5 
.,. I 
I 1 X 1 M 1 l 1 7 1 3 1 5  
I 
I I X, Ha 6 1 1. 2 , 5 
I 
I 1 X 1 B1 6 1 0 1 S 1 5  
I 
I 1 X1 S a. 6 , l 1 0 1 3  
I 
I 1 X , S 1 6 1 l. 0 1 4  
I 
I 1 X 1 S 1 6 1 l . 0 1 7 
I 
I 1 X1 S , 6 1 l . 0 1 8 
I 
I 1 X 1 S , 6 1 l 1 0 1 9 
I 
I , X , C , 6 , 1 , 3 , 4 
I 
I 1 X 1 S 1 6 1 l 1 0 1 2 
I 
I 1 X 1 S 1 6 1 l 1 l 1 2 
I 
I 1 X 1 S 1 6 1 l 1 2 1 4 
I 
I 1 X 1 S 1 6 1 l 1 0 1 2 
I 
I 1 X 1 S 1 6 1 l 1 0 1 6 
I 
I 1 X , A1 6 1 0 1 5 1 7 
I 
I 1 X 1 C 1 6 1 1 . 3 1 2 
I 
I 1 X 1 S 1 6 1 l 1 0 1 9 
I 
I 1 X , S 1 6 1 11 1 , 0 
I 
I 1 X 1 S 1 6 1 l i l 1 l  
I 
I 1 Y 1 S 1 6 1 ll l 1 2 
I 
I 1 X 1 S 1 61 l 1 2 1 S 
I 
I 1 Y 1 S 1 6 1 l 1 0 1 R 
I 
I 1 Y 1 A 1 6 1 0 1 � 1 A 
I 
I 1 X 1 S 1 6 1 l 1 0 1 9 
I 
I . x . s . 6 . 1 , 0 , 3 
I 
C ·. 90 
P.aao 1 n-f ') 
A. Contents i NotN Of Addr-
• Y13 @ 2 
I 1 @ 5 
• Y13 @ 7 
I Y14 @ 2 
I 
I 
I Y14 @ 7 
• Y15 @ 2 
• � 
• Y15 @ 7 







• Y4 @ 7 
• Y7 _@ 7 
I Ya @  7 
• Yg @ 7 
• � R4 @ 7 
I 
y2 @ 7 








0 @ 7 I 
I 
R
2 @ 7 
I �-
@ 7 I Y10 




0 @ 7 I 0 
. I 
I 00 
C . 91 
Subrou tine 7 :  Compute Ri Pa�e 2 of 2 
0. Inst ruct ion � Contents Pro9ram Input Codes 0 Location 0 Notes u; Ooeration l Addreas - of Addreu U) 
I 
I 
I I I I I I I 
� I I I I 
I 
I I I 
@ 7 0 , 0 1 3 1 2 ,X IS , 6 ,1 , 0  , 4  I Y4 I I I I I I I I 
1 
@ 7 , 3 , 3 , X 1S 1 6 1 l 1 0 1 S I Y5 I 1 I I I I I I I 
T 
7 I I I , 3 1 4 1 X 1 S 1 6 , 1 , 0 , 3 I Y1 @ I I I I I 
. I ' 
, 3 , 5 1 U 1 0 1 0 1 S 1 8 I I I I I I I I I I I 
I 
1 3 1 6 I 1 x , s . 6 , l , 0 , 8  I YR @ 7 I I I I I I I I 
I 
@ 7 I 1 3 1 7 1 X 1S , 6 1 1 , 2 , 3 ' Y1 1 I I I I I I I I I T 
I I I 1 3 1 8 t 1 X 1 S 1 6 , l , 0 , 8  ' I I I I I I I 
XI Y11 @ 7 I !1 1  9 , -,t 1 S 1 6 1 l 1 l 1 l I I I I I I I I I I 
I I 






7 . .  , 4 , 1 1 X 1 S , 6 , l , 0 , 6 ' I I I I I I I I I 
I 
@ 7 I I I I I I I I , 4 , 2 I 1 X 1 S 1 6 1 l 1 0 , 7 . ' Y7 I . I 
I I I I I 1 4 1 � I 1 X 1 S , 6 , l , 0 1 8 ' I I I 
l 
@ 7 1 4 1 4 1 X , s . 6 , 1, o , 9 I Yg I I I I I I I I I I I 
@ 7 I I I I I I I I 1 4 1 'i I 1 X , S 1 6 1 l 1 0 1 l I Y1 I I 
H @ 7 
1 4 1 6 1 X 1 A 1 6 1 0 1 S 1 6 I I I I I I I I I I 0 I I , XI I I I I I I I I 1 4 1 7 I , x , s 1 6 , 1 , o , s 
l 
I I I I I I 1 4 1 8 I . x . s 1 6 , l 1 0 , 6 I I I I I 
I I I I I I I I 1 4 , 9 I 1 X , S , 6 L l 1 0 , 7  I I I 
I I I I I I I 'i I Q  1 X 1 S , 6 1 1, 0 1 8 I I I I 1 
I I I I I I I I I 'i I 1 I , x , s . 6 1 11 0 1 9 I I ' 
I I I I I 1 5 1 2 t X, S , 6 , 11 0, 7 I I I I I I l 
I I I I I I I I , 5 1 3 I . x . s 1 6 ,  1. 0. 1 I I I 
I I I I I I I I 1 5 , 4 I Xf S 1 6 1 1, 0 , 7 I I I I xr I I I f I I l I 1 5 , 5 I , X 1 S ,  6 1 1, o. 6 I I I 
R
1 @ 7 I I I I I I I I 1 5 , 6 I I X 1 C, 6 1 11 31 1 I I I 
I I I I I I I I 1 5 1 7 I I X1 U, Z1 Z, Z, z • Exit subroutine I I 
Y10 @ 
7 I I I I I I I I , 5 , 8  I I Xt S 1 6 1 li 1. 0 ' r I 
J I I I I I I I , 5 , 9 I , X, c. 6, I . 3, 3 • R1 @ 7 
T 
I I I I I I I I , 6 , 0 I I I U1 0 1 0 1 31 6 I 
I T 
I I I I I I I I , 61 1 I I I I I I I I I T 
I I I I I I I I I 6 1 2 I I I I • I I I I I 
I XI I I I I I I I I . 6 , 3 I I I I I I I I 
I 
Page numbers C.92 and C . 93 were  not use d. 
C . 94 
Explosive Performance Parameters 
Subroutine 8: Crout Reduct ion, x Print Page 1 of 5 
Program Input Codes 
Q. Instruction Q. Contents 0 Location 0 Notes - Operation I Addre11 t;; of Addr ... U) 
I 
I I I I I I I I 
I X1 I I I I I I I ' 
I 
@ 7 
I I I I I I I 0 1 0 1 0 1 0 I 1 X 1 B 1 6 1 2 1 l 1 l I 
all 
I I 
I I I I I I I I I o · . 1 I , x . n . 1 . 7 1 3 1 2 ' 1 @ 2 I I All @ 7 I I I I I I I I . 0 . 2  I 1 X , H , 6 1 2 1 l . l ' • I a21 @ 7 I I I I I I I I 1 0 1 3 I , X 1 B 1 6 1 2 , 2 1 l I I I 
I I I I I I I I , 0 1 4 I I 1 0 . 0 1 2 1 1 1 2 I -1 @ 2 I I -A21 @ 5 I I I I I I I I I 0 1 5 I , X 1 H , 6 1 2 1 2 1 l I 
I I a31 @ 
7 
I I I I I I I I 1 0 , 6 I , X , B . 6 1 2 1 3 1 1 ' I I 
� I I I I I I I I I 0 1 7 I I .n . 0 1 2 1 1 , 2  I I I 
-A31 @ 5 I I I I I I I I 1 0 1 8 I 1 X 1 H 1 6 1 2 , 3 , l I 
I I a
41 @ 7 I I I I I I I I 1 0 1 9 I 1 X 1 B 1 6 1 2 1 4 1 l I 
I I 
I I I I I I I I 1 1 1 0 I I 1 D 1 0 1 2 1 l 1 2 I 1 ' 
-A41 @ 
5 
I I I I I I I I 1 1 1 l I 1 X 1 H , 6 1 2 1 4 1 l I I I 
al2 @ 7 I I I I I I I I 1 1 1 2 I 1 X 1 B 1 6 1 2 1 l 1 2 I I I 
I I I I I I I I 1 1 1 3 I 1 X 1 D 1 6 1 2 1 l 1 l I 
I I 
A12 @ 2 I I I I I I I I 1 1 1 4 I 1 X 1 H 1 6 1 2 1 l 1 2 I I I 
� a1 1 @ 7 I I I I I I I I I l 1 5 I 1 X 1 R 1 f. 1 2 .i 1 1  I \ I I 
I I I I I I I I 1 1 1 6 I 1 X 1 D 1 6 1 2 1 l 1 l ' I I 
A13 
@ 2 
I I I I I I I I I 1 1 7 I 1 X 1 H 1 6 1 2 1 l 1 3 I I I a
14 @ 
7 
I I I I I I I I I 11 8 I 1 X 1 B 1 6 1 2 1 l 1 4  I I I 
I I I I I I I I I 1 1 9 I 1 X 1 D 1 6 1 2 1 lt l I I I 
A14 @ 2 I I I I I I I I 1 2 1 0 I I x I H 1 .6 I 2 I l 1 4 I . I I r
1 @ 7 I I I I I I I I 1 2 1 l I 1 X 1 B 1 6 1 l t 3 1 l I I I 
I I I I I I I I 1 21 2 I 1 X 1 -D 1 6 1 2 1 l i 1 I 
I I � R
l @ 2 I I I I I I I I 1 2 1 3 I 1 X 1 H 1 6 1 1 . 3 1 l I I I 
I I I I I I I I I ? 1 4 I 1 X 1 B 1 6 1 2 1 2 1 l I I I 
I I I I I I I I I ? I Ci I 1 X 1 M 1 6 1 2 1 l i 2 I I I 
a22 @ .
7 I I I I I I I I I 2 1 6 I 1 X 1 A 1 6 1 2 1 2 1 2 I I I 
I I I I I I I I I ? 1  7 I 1 X 1 D 1 l i 7 1 3 1 2 I I I 
A22 @ 5 I I I I I I I I I ? t  R I 1 X 1 H 1 6 1 2 1 2 1 2 I I ' 
I I I I I I I I I ? t  Q I 1 X 1 B 1 6 1 2 1 l 1 2 I I I 
I I I I I I I I 1 3 1 0 I 1 X 1 M 1 6 1 2 1 1 1 1 I l ' 
�a1, @ 7 I I I I I I I I I "=II 1 I 1 Y 1 A 1 1i. 1 2 1 1 1 ? I I I 
C.95 
Subrout ine 8 : Crout Reduction� X Print Page 2 o f  5 
Q. Instruction A Contents Program Input Codes 0 Location 0 Note, u; Operation l Address - of AddreM U) 
I 
I 
I I I I I I I 
I XI I I I I • I I I 
I 
0 . 0 . 3 . 2 1 x 1 0 1 1 1 7 1 3 1 2 I 1 @ 2 I I I I I I I I 
I T A32 @ 5 1 3 1 3 1 X 1 H 1 6 1 2 1 3 1 2 
I 
I I I I I I I I I 
I T 
� 2 @ 2 I I I 1 3 1 4 I 1 X 1 B 1 6 1 2 1 l 1 2 
I 
I I I l I . ,  I -A4 1  @ 5 1 3 1 5 1 X 1 M, 6 1 2 1 4 1 1 I I I I I I I I I I 
I I 
1 3 1 6 I X I D , l 1 7 , 3 1 2 - I I I I I I I I . I I 
I I A42 @ 5 I 1 3 1 7 1 X 1 H 1 6 1 2 1 4 1 2 
I 
I I I I I I I I 
I J Al 3 @ 2 I :3 1  8 1 X 1 B 1 6 1 2 1 l 1 3 
I 
I I I I I · 1 . I I I 
I I 
�
-A2 1 @ 5 1 ":1 1 9 1 X'"1 M, 6 1 2 1 2 1 1 
I 
I I I I I I I I I 
I I a
2 3 @ 
7 
1 4 1 0 1 X 1 A 1 6 1 2 1 2 1 3 
I 
I I I I I I I I I 
. .  r A2 2 @ 5 1 4 1 1 1 X 1 D 1 6 1 2 1 2 , 2  I I I I I I I I I I 
I I A2 3 @ 
2 
I l&. .  2 I 1 X 1 H 1 6 1 2 1 2 1 3 ·I I I I I I I I I .. I I 
A14 @ 
2 
I I I I I I I l&. 1 3 I 1 X 1 B 1 6 1 2 1 l 1 4 I I I 
J 
t I I I I I U I U I 1 X 1 M 1 6 1 2 1 2 1 1 I I I I 
I I 
I I I I I I I I 1 4 1 5 I 1 X 1 D , 6 1 2 1 2 1 2 
I 
I I A24 @ 
2 
I I I I I I I I l&. 1 6 I 1 X 1 H , 6 1 2 1 2 , 4 I I 
I I , XJ R1 @
2 
I I I I I I I I 1 4 1 7 I 1 X 1 B 1 6 1 l a 3 1 l 
I 
I l&. 1 8 
\ 
1 X 1 M1  6 1 ·2 1 2 1 l I I I I I I I I I I ' r
2 @ 
7 
I I I I I I l&. 1 Q I 1 X 1 A , 6 , l , 3 , 2 I I I I 
I I 





I I I I I I I 'i I 1 I 1 X , H , 6 1 l , 3 1 2 I I I I ' 
I l. I I I I I I 1 5 , 2 I , X I B 1· 6 1 2 1 2 ,  3 
I 
I ' 
I I I I I I I I 1 5 1 3 I , X 1 M 1 6 1 2 1 3 , 2 I I I 
I I I I I I I I 1 5 , 4 I I , H , 0 , 2 1 1 1 4 I Temp. 1 ' I 
I � -A31 @ 5 I I I I I I I I , 5 , 5 I 1 X 1 B 1 6 , 2 1 3 , l 
I 
I I I I I I I I , 5 , 6 I , X , M , 6 1 2 ,  1 ,  3 I I ' 
a33 @ 
7 
I I I I I I I I 1 5 1 7 I 1 X 1 A 1 6 1 2 1 3 1 3 I I I 
I I I I I I I I 1 5 1 8 I I 1 S , 0 1 2 1 1 , 4 I r I 
J I I I I I I I I 5 1  9 I , X , D , 1 , 7 , 3 , 2 I I I 
A33 @ 5 I I I I I I I I 1 6 1 0 I 1 X , H , 6 1 2 1 3 , 3 I 
I I 
A42 @ 5 I I I I I I I I 1 6 1 1 I 1 X 1 B , 6 1 2 1 4 1 2 I I T 
I I I I I I I I I 6 1 2 I 1 X 1 M , 6 , 2 , 2 1 3. I I I . �  I I I I I I I I , 6 ,  3 I I , H , 0 1 2 1 1 1 4 Temn. 2 I I 
C . 96 
. 
Subrout ine 8 :  Crout Reduction, X Print . Page 3 o f  5 
� Instruction Q. Contents Provram Input Codes 0 Location 0 Notes - Oneration I Addreaa &; of Ad'9reu (/) 
I . .  
I I I I I I I I 
I 
XI I I I I I I I I 
I A13 
@ 2 
I I I I I I I 0 , 1 1 0 , 0 I 1 X 1 B 1 6 1 2 1 l 1 3 I 
I I 




I I I I I I I I , 0 1 2 I , X , A , 6 1 2 , 4 1 3 I 
I T 
I I I I I I I I , 0 , 3  I I 1 s , 0 1 2 1 1 .4  I Temp. 2 
I I 
I I I I I I I I 1 0 , 4  I 1 X 1 D 1 l 1 7 1 3 1 2 I 1 @ 2 
I I A43 @ 5 I I I I I I I I 1 0 1 5 I 1 X 1 H 1 6 1 2 1 4 1 3 I 




I I I I I I I I 1 0 1 7 I ,X1 M 1 6 1 2 1 2 1 4 I 
I I 
I I I I I I I I 1 0 1 8 I I 1 H 1 0 1 2 1 l 1 4 I Temp. 3 
I . .  T 
-A3 1  @ 5 I I I I I I I I 1 0 1 9 I 1 X 1 B 1 6 1 2 1 3 1 1 I 
I r A




I I ·1 I I I I I 1 l 1 l I 1 X 1 A 1 6 1 2 1 3 1 4 I 
I I 
I I I I I I I I 1 1 1 2 I I 1 s 1 0 1 2 1 1 1 4 I 
I J 
A33 @ 5 I I I I I I I I 1 1 1 3 I 1 x 1 n 1 6 1 2 1 3 1 3 I 
I I 
A34 @ 2 I I I I I I I I 1 1 1 4 I 1 X 1 H 1 6 1 2 1 3 1 4 I 
I J 
� I l I I I I l I I 1 I 'i I 1 X 1 B 1 6 1 2 1 3 ,2 I 
I I 
R
2 @ 2 I I I I I I I I 1 1 1 6 I 1 X 1 M 1 6 1 l 1 3 1 2 I 
I T 
I I I I I I I I 1 1 1 7 I I 1 H 1 0 1 2 1 l 1 4 I Temo. 4 
I R
1 @ 2 I I I I I I I I 1 1 1 8 I 1 X 1 B 1 6 1 1 1 3 1 1 I 
I T 




I I I I I I I I 1 2 1 0 I 1 X 1 A -1 6 1 1 1 3 1 3 I 
I I 
I I I I I I I I 1 2 1 1 I I , s , 0 . .  2 1 1 ,4 I 
I I 






I I I I I I I 1 2 1 � I 1 X 1 H 1 6 1 l 1 3 , 3 
I I 
I I I I I I I I 1 2 1 4 I 1X 1 B 1 6 1 2 1 4 1 3 I 
I r 
I I I I I I I I I 2 1 5 I 1 X 1 M 1 6 1 2 1 3 ,4 I 
I T 
I I I I I I I I 1 2 1 6 I i 1 H 1 0 , 2 1 l 1 3 I ToTnn Ii . I I A42 @ 5 I I I I I I I I I 2 1 7 I 1X 1 B 1 6 1 2 1 4 12 I 
I I 
I I I I I I I I I ? 1 8 I 1 X 1 M 1 6 1 2 1 2 1 4 I 
I ' 
I I I I I I I I I ? 1 Q I I 1 A 1 0 1 2 1 l 1 3 I 
I I 
I I I I I I I I 1 3 1 0 I I 1 H 1 0 1 2 1 l 1 3 • Temp . 6 
I I 




Subroutine 8: Crotit Reduction . x Print Page 4 of 5 
� Instruction � Contents Pro9ram Input Codes 0 Location 0 Notes en ()per at ion I Address - of Addreu U) 
I 
I 
I I I I I I I 
I 
I XI I I I I I I I 






1' I I 1 3 1 3 1 X 1 A 1 6 1 2 1 4 1 4 
I 
I I I I I I 
I I 
I I I I I I I I 1 3 1 4 I 1 S 1 0 1 2 1 l 1 3 
I Temp. 6 
. , I 





1 3 1 6 1 X 1 H 1 6 1 2 , 4 , 4  
I 





1 3 1 7 1 X 1 B 1 6 1 2 , 4 1 3 
I 




















2 . .  
1 4 1 1 1 X 1 M 1 6 1 l 1 1 , 2  
I 
I I I t I I I I I 
I I 
I I I I I I I I 14 1 2 I I I A 1 0 1 ? 1 l 1 l...  
·• 
I . . 
I I I I I I I 1 4 1 3 I I 1 H 1 0 1 2 1 l 1 u 
I 
T�mn . 8 I 
I I 










1 41 6 1 X 1 A 1 6 1 l 1 1 1 u 
I r4 I I I I I I I I I 
I I · XI  I I I I I I I I 1 4 1 7  I I 1 S 1 01 2 1 l 1 u  
I I 
I I I I I I I 141 8 I 1 x1 n , 6 1 ? 1 l u "-
I 










I I I I I I I 1 51 0  I 1 Y 1 M1 f1 1 ? 1 1 1 u  I I 
I I 
I I I I I I I I 1 5 1 1 I I , n , 0 , 2 , 1 , 2 
I -1 @ 2 
I I 
I I I I I I I 1 5 1 2  I 1 Y 1 A 1 - 6 1 l 1 � 1 1  
I 
I 








1 5 1 4 I X 1 ·M1 6 1 2 1 ? 1 ':\ 
I 
I I I I I I I I I 
I I 




I I I I I I I I 1 5 1 6 I 1 Y 1 'R I  6 1 2 1 ? 1  t... I 
I I 
I I I I I I I I 1 5 1 7  I 1 Y 1 M1 f1 1 . l  1 � 1  li. I 
I I 
I I I I I I I I 1 5 1 8  I I 1 A, 0 1 2 1 l 1 3 
I 
r I 
J I I I I I I I 1 51 9 I , D , 0 1 2 1 1 , 2 I I 
I 
I I I . I I I I I 1 6 1 0 I 1 X 1 A1 6 1 l 1 3 1 2 I I I 
6}{2
@ 2 
I I I I I I I I I 61 1 I 1 X 1 "A' 1 6 1 l 1 3 1 6  I I I 




� I I I I I I I I 1 6 1 3 I I 1 H1 01 21 l 1 4 I T�mn . 10 I I 
Subroutine 8 :  
Pro9ram Input Codes 
I 
I I I I I 
I I I I 
I 
I I I I 
I 
I I I I 
I 
I I I I I 
I I I I I 
I I I I 
I 
I I I I 
I 
I I I I 
I 
I I I I I 
I I I I 
I 
I I I I 
I 








































1 0 1 4 I 
I I I I I I I 
I I I I I I I 
I I I I I I I 
I I I I I I I I 
I I I I I I I 
I 
,
1 0 , 0 1 0 , 0 1 0 , 0 1 2 
I 
I I I I I I I I 
I I I I I I I 
I I I I I I I 
I 
I I I I I I I 
I 
I I I I I I I 
I 
I I I I I I I 
I I I I I I I 
I 
I I I I I I I I 
I I I I I I I 
I 
I I I I I I I 
I 
I I I I I I 
I 
I I I I I I I 
I 
I . 1 I I I I I 
I I I I I I I 
C.98 
Crout Reduct ion . X Print Pa2:e 5 of 5 
! Instruction A Contents Notes Location 0 











I 1 0 , l  I ,X ,M 1 6 1 1 1 3 ,5 I 
I 
I 1 0 1 2 I I 1A 1 0 1 2 1 1 14 I Temp. 10 ' 
I 1 0 1 3 I I 1 H ,0 12 1 l 1 4 I Temp . 11  
I A14 @ 
2 




I 1 0 1 5 I 1 X 1M , 6 , l 1 3 14 I 
I 
I 1 0 1 6 I I ,A , 0 1 2 1 1 1 4 I 
I 
�-1 @ 2 I , 0 1 7 I 1 .,. 1 D 10 1 2 1 1 1 2 I 
I R1 @ 
2 




I , 0 1 9  I 1X 1 H 1 6 1 1 1 3 1 7 I 
I 





I 1 1 1 1 I I I I I I Temp. 
I I 









I 1 1 1 4 I I I I I I Temp. 
I 
�a.fl I I 1 1  'i I 1X 1 R, 2 1 3 10 1 8 I Here for X orint ' 
I 1 1 1 6 I 1 x 1 u 1 2 1 3 1 s 1 s I ' I 
I I 1 1 7 4 10 , 2 1 0 1 x 1 J 1 1 1 0 I CR UC x LC 
I 
I 1 1 1 8 I 1 4 1 Z 1 J 1 Z 1 J 10 10 I i So Sp exit ' 
I 1 1 1 9 I 1X 1 R 1 1 1 9 1 0 1 3 I 12. 4 Print 
I 
I 1 2 1 0 I 1 x 1 u 1 1 1 9 10 1 0 I 
I 




I 1 2 1 2 I 1X·1 Z , o  I l 10 ,4  I 




I I 2 1 4 I 1x , z 1 0 1 1 10 1 3 I 
I 
I . , . 5  I 1 x 1 z 1 6 1 0 1 s 1 3 I 
I x
3 
@ . 2 I 1 21 6 I 1 X 1 z , 0 1 1 1 0 1 2 I 
I 
I 1 2 1  7 I 1x 1 z 1 6 1 0 1 s 14 I 
I 
X4 @ I 1 21 8 I 1 X 1 Z 1 0 1 1 1 0 , s I 
I (CR) 
I I 21 Q I 1 X 1 P 1 l 1 6 1 0 1 1 I 
I 
I 1 31 0 I ,x , z , o , o , o ,z I Delav ' . � I I '!la 1 I .x . u . z . Z 1 Z , Z llv i t: .!'111• .. ... ; in,:. ' 
C . 99 
Explos ive Performance Parameters 
Subroutine 9: Compute Ma trix Coefficients  Pa2e 1 of 3 
� Instruction Cl. Contents Note• Program Input Codes 0 Location Ooeration I Addre11 t;; of Address v, 
I 
I I I I I I I I ' 












I I I · I I I I I I 0 1 2 I , X 1 S 1 6 1 l 1 0 1 7 I 
I I a












. .  
I I I I I I I I , 0 , 6  I 1 X 1 B 1 6 1 l . l 1 2 • 




I I I I I I I I 1 0 1 8 I 1 X 1 H 1 6 1 2 , 3 1 2 • 
I . .  I @ 7 
I I I I I I I I 1 0 1 9 I 1X 1 A 1 6 1 l 1 l 1 l • yll 
I I 
Y1 5  @ 
7 
I I I I I I I I I 1 1 0 I 1 X1 A 1 6 , 1 1 2 1 S . I  
I I 
Y10 @ 7 I I I I I I I I 1 1 1 l I 1 X 1 A 1 6 1 1 1 1 1 0 • 
I I 
I I I I I I I I 1 1 1 2  I 1 X 1 A 1 6 1 l 1 l 1 0 • 
I I 
I I I I I I I I 1 1 1 j I 1X 1 A , 6 1 l 1 l 1 0 • 
I I 
I I I I I I I I 1 1 1 4 I 1 X 1 A 1 6 1 1 1 1 1 0 I 
I I XI I I I I I I I I 1 1 1 5 I 1 X 1 A , 6 , l 1 0 1 9 I 
I I 
I I I I I I I I 1 1 1 6 I 1X 1 A 1 6 1 1 10 1 9 I 
I I 
I I I I I I I I 1 11 7 I 1X 1 A 1 6 1 l 10 1 3 • 
I I 




I I I I I I I I 1 11 9 I 1X 1 A 1 6 1 1 10 1 5 • 
I I a
33
. @ 7 
I I I I I I I I 1 2 1 0 I 1 X 1 C i 6 1 2 1 3 1 3 I 
I I 
I I I I I I I I 1 21 1  I 1X t B 1 6 1 l 10 1 7 I 
I I 
Ya @ 7 I I I I · 1 I I I I 2 1 2 I 1X � A 16 1 l 1 0 1 8 I 
I I XI I I I I I I I I 1 2 1 � I 1X , A 1 6 1 l 10 1 9 I 
I I 




I I I I I I I I I 2 1 5 I 1X 1A 1 6 1l 10 1 4 • 
I I a
44 @ 7 I I I I I I I I I 2 1  ft I 1 X 1 C 16 1 2 1 4 1 4 • 
I I 
I I I I I I I I I 2 1 7 I 1 X 1 B 16 1 l 10 17  I 
I I 
I I I I I I I I I 7 1 8 I 1 Y 1 A 1 6 1 l 1 0 1 7 I 
. I I 
I I I I I I I I I 7 1 Q I 1 X 1A 16 1 1 1 0 1 8 • 
I I 
I I I I I I I I 1 3 1 0 I 1 Y 1 A 1 6 1 1 10 19' I ' I 
XI I I I I I I I I I "!la 1 I 1 Y 1A  1 ft 1 l 10 1 R • 
I I 
Subroutine 9 :  
Q. 
Program Input Codes 0 en 
I 
I 
I I I I I I I 
I 
I I I I I I 
I 
I I I I I I I 
I 
I I I I I I I 
I I I I l I I 
I I I I I I I 
I I I I I I I 
I I I I I I I 
I I I I I I I 
I 
I I I I I I I 
I 
I I I I I I I . .  
I I I I I I I 
I 
I I I I I I I 
I 
I I I I I I I 
I I I I I I I 
I I I I I I I 
I 
I I I I I I I 
I 
I I I I I I 
I 
I I I I I I I 
I 
I I I I I I I 
I 
I I I I I I I 
I 
I I I I I I I 
I 
I I I I I I I 
I 
I I I I I I I 
I 
I I I I I I I 
I 
I I I I I I I 
I 
I I I I I I I 
I 
I I I I I I I 
I 
I I I I I I I ' 
f I I I I I I 
I 
I I I I I I I 
I 
I I I I I I I 
I 
I I I I I I I 
I 




01 0, 3 , 2  
I 1 3 1 3 
I 1 3 1 4 
I 1 3 1 5  
I 1 3 1 6  
I 1 3 1 7  
I 1 3 1 8  
I 1 3 1 9 
I 1 4 1 0 
I 1 4 1 l 
I I f&. I 2 
I 1 4 1 � 
I 1 4 1 4 
I I l&. 1 5 
I 1 4 1 6 
I I l&. 1  7 
I I l&. 1 8 
I 1 4 , Q 
I I 'i I Q  
I I 'i I 1 
1 5 1 2  
I , 5 1 3  
I , 5 1 4  
I , 5 . 5 
I , 5 1 6 
I , 5 , 7  
I 1 5 1 8 
I 1 5 a 9  
I 1 6 1 0 
I 1 6 1 1  
I 1 6 1 2  
I 1 61 3  
Ma tr ix Coe ffic ient s 
Instruction 






























1 :X. H. 6. 2. 4. 1 
I 
, X. A 5. Z 4. 1  
I 
1 X. H. 6. Z L 4 
T 
1 :X. B. 6. 1. 0. 2  ' 
1 X. A 6. L Q E  
I 
1 :X. A. 6. L Q 9  
T 
i X. A. 6. L Q :  
,,,.. I 
1 :X. A. 6. L Q 4  
I 
1 :X. Aa 6. L Q 9  
r 
, X. C. 6. 2 3. '4 
I 
I X. S. 6. 11 a 7 
I 
1 X1 S. 6. L Q 7  
I 
1 :X. A. 6. L Q c;  
T 
I X. A, fli 11 Q <:; 
I 
1 :X. A.. 6. lt L l 
I 
I X. A.a 6. 11 {} -� 
I 
1 X. S. 6. L 0 7  
I 
1 X. S. 6t l1 0 7  
I 
1 :X. A.  6. 1. a �  
I 
1 :X. C. 6. 2. 11 3  
I 
1 X. R. 6. l1 G f  r 
I X, M 11 71 3. 1 
I 
1 :X. A. 6. L Q f  
I 
I X1 J.t. fll 21 2a 1 
I 
, X, A, 6 1 2 1 2 1 1 
l 
1 Y 1 H1 6 1 2 1 1 1 2  
I 
I YI R, h i , • , • 1 
T 
I Y,  M, 1 I 7 1  � .  1 
I 
I X, A, 6 ,  l a  01 8 
T 
I x, A, 6 ,  1 ,  0 1 8 
I 
, x, A, 6 ,  1 ,  0, 9 
I 
I Y, A, 6 1  1 1 0 1 9 
I 
A Contents 0 - of Address Cl) 
I a41 @ 7 
I 
I a14 @ 7 
I Y3 @ 7 
I Ya @ 7 
I Yg @ 7 
I Y3 @ 7 
� XI Y4 @ 7 
I 
I A34 @ 7 




I Y1 1 @ 7 




I a1 3 @ 
7 
I y6 @ 7 
I 1 @ 1 
I 
I XI 82 1  @ 7 
I 







c . 100 
Paap 2 or  3 
Note1 
C . 101 
Subroutine 9: Compute Matrix Coefficient s  Page 3 of 3 
Program Input Codes 
a. Instruction Q. Contents Notes 0 Location Ooeration I Addre1a &; of Address U) 
I 
I I I I I I I I 
I 
� I I I I I I I I 
I 
Ys ·@ 7 I I I I I I I 0 , 1 , 0 , 0  I 1 X 1 A 1 6 1 l 1 0 1 S I 
I I a
31 @ 7 I ,. I I I I I I 1 0 , l I , x , c , 6 , 2 1 3 , 1 I 
I ' y2 @ 7 I I I I I I I I , 0 , 2  I , X 1 B 1 6 1 1 1 0 , 2 I I I 
I I I I I I I I 1 0 1 3 I , x . o l 1 1 7 , 3 , 2  I 1 @ 2 I I y
6 @ 7 I I I I I I I I 1 0 1 4 I , X 1 A 1 6 1 l 1 0 1 6 ' I I 
Y1 2 @ 7 I I I I I I I I 1 0 1 5 I 1 x 1 A 1 6 1 l 1 l 1 2 I 
I I 
Y14 @ 7 I I I I I I I I 1 0 1 6 I 1 X 1 A 1 6 1 1 1 2 1 4 ' I I 




I I I I I I I I 1 0 1 8 I 1 X 1 B 1 6 1 l 1 0 J ' 
I r 
Y3 @ 7 I I I I I I · · 1 I 1 0 1 9 I 1 X 1 A 1 6 , 1 1 0 1 8 I 
I I 
I I I I I I I I I 1 1 0 I 1 X 1 D 1 1 J 1 3 1 2 . ' 
I I 
Yg @ 7 I I I I I I I I I l ,  l I 1 X 1 A 1 6 1 l 1 0 1 9 I 
I I 
I I I I I I I I 1 1 1 2  I 1 x 1 A 1 6 1 1 1 0 1 s I I I y1· @ 7 I I I I I I I I 1 1 1 3  I 1 X 1 A 1 6 1 l 1 0 1 l ' I ' 
I I I I I I I I 1 1 1 4 I 1 x 1 0 , 1 . 7 1 3 1 1 I I I XI i. sy6 @ 7 I I I I I I I I I l 1 'i I 1 X 1 A 1 6 1 2 1 2 1 l ' I ' 3y
6 @ 7 I I 1 I I I I I I 1 1 6 I 1 X 1 A 1 6 1 2 1 1 .1 2 ' 
I I a
l l  
(part) 
I I I I I I I I I 1 1 7 I 1 X 1 H 1 6 1 2 1 l . l I I I 
Y1 1  @ 
7 
I I I I I I I I I 1 1 8 I 1 X 1 B 1 6 1 l 1 l , l ' 
I l 
@ 7 I I I I I I I I 1 1 , Q I 1 X 1 A 1 6 , l 1 l 1 3 ' Y1 3  
I 
I I I I I I I I 1 2 1 0 I 1 X 1 M 1 1 1 7 1 3 1 1 ' 
I I 
I I I I I I I I I 2 1 1 I 1 X 1 H 1 6 1 2 1 1 1 l ' I I a
l l  @ 
7 
I I I I I I I I 1 2 1 2 I 1 X 1 H 1 6 1 2 1 1 1 1 I 
I T 
I XI I I I I I I I I I 2 1 � I 1 X 1 U 1 Z 1 Z 1 Z 1 Z Exit  subroutine 
T 
I I I I I I I I 1 2 1 4  I I I I I I I ' 
I I 
I I I I I I I I I 2 1 'i I I I I I I I ' 
I I 
I I I I I I I I I 2 1 6 I I I I I I I ' I T 
I I I I I I I I I 2 1  7 I I I I I I I ' 
I I 
I I I I I I I I I ? 1 A I I I I I I I I 
I I 
I I I · I I I I I I ? 1 Q I I I I I I I ' 
I T 
I I I I I I I I I 31 0 I I I I I I I I I I 
XI I I I I I I I I I ":l 1 1 I I I I I I I ' 
I I 
C.102 
Explosive Performance Parameters 
Subroutine 10: Compute x + t:3.., 6X Print Page 1 of 2 
a. Instruction Q. Contents Program Input Codes 0 Location 0 Not ea - Operation I Address In of Addreu V) 
I 
I I I I I · I I 
I 
I XI I I I I I I I I 
I 
@ 4 
I I I I I I I 0 , 0 1 0 1 0 I 1 X1 B1 6 1 0 1 S 1 l I 
x
l 
I I &1 @ 
2 
I I I I I I I I , 0 1 1 I , X1 M 1 6 1 l 1 3 1 7 I 
I I 
I I I I I I I I 1 0 1 2 I , X i D , 1 1 7 , 3 , 2 ' 1 @ 2 
I I 
I I I I I I I I 1 0 1 3 I 1 X1 A1 6 1 0 , S 1 l I 
I I 








I I I I I I I I , 0 , 6  I 1 X 1 M 1 6 1 l 1 3 1 S ' 
I .,. I XI I I I I I I I I I 0 1 7  I 1 X 1 D 1 l 1 7 1 3 1 2 I 
I I 
I I I I I I I I 1 0 1 8  I 1 X1 A1 6 1 0 1 S 1 3  I 
I . .  I 
I I I I I I I I 1 0 1 9 I 1 X 1 H 1 6 1 0 1 S 1 3 I 
I I 





I I 1 · I I I I I 1 1 1 1 I 1 X 1 M 1 6 1 0 1 S 1 4  ' 
I I 
I I I I I I I I I 1 1  2 I 1 X 1 D 1 1t 7 1 3 1 2 I 
I I 
I I I I I I I I 1 1 1 3 I 1 X 1 A1 6 1 0 1 S 1 4 I 
I I 
I I I I I I I I 1 1 1 4 I 1 X 1 H 1 6 1 0 1 S 1 4 ' 
I I 
XJ 6x2 @ 
2 





I I 1 I I I I I 1 1 1 6 I 1 X 1 M 1 6 1 0 1 S 1 2 ' 
I I I 
I I I I I I I I 1 1 1 7 I 1 X 1 D 1 li 7 1 3 1 2 I 
I I 
I I I I I I I I 1 1 1 8 I 1 X 1 A 1 6 1 0 1 S 1 2 I 
I I 
I I I I I I I I I 1 1 9 I 1 X 1 C 1 6 1 0 1 S 1 2 I 
I I 
I I I I I I I I 1 2 1 0 8 10 10 1 T 1 0 10 12 1 2 I Pri 1t bx if TC down 
I I 
I I I I I I I I 1 21 1  I I 1 U 1 0 10 14 10 I 
I I I 
I I I I I I I I 1 21 2 I 1 X 1 R 1 2 1 3 10 1 8  I Enter aAI 
I 
XI I I I I I I I I 1 2 1 � I 1 X 1 U 1 2 1 3 1 S 1 S I 
I 
, ,0 10 10 10 ,0 10 1 2 
' 
I 21 4 4 1 0 1 2 10 14 1 8 1X 1J I I C.R nr. A x 
I 
I I I I I I I I I 2 1 5 1 I O I I 1 4  I z I LT I O I O I T.r. i Sn iPvi t  
I -
I I I I I I I I 1 2 1 6 I 1X 1 R 1 l 1 9 10 1 1 I 1 2 _ 4 Pr i.nt:  
I I 
I I I I I I I I I 21 7 I t X  11J 1 1 1 9 10 10 I 
I I 




I I I I I I I I I ? 1 Q I 1¥ 1 7. 1 0 1 1 10 1 ?  I 
I I 
I I I I I I I I 1 31 0 I 1 X 1 Z 16 1 l 13 1 6 · I 
I I 
I XI D.}{2 @ 2 I I I I I I I I I ':ti 1 I .x . z 10 . 1 .0 12 
I 
C ,  103 
Subroutine 10: Compute X + 6X �  6X Print Pal!e 2 of 2 
Program Input Cod es 
� Inst r uction Q. Contents 0 Location 0 Notes 
ui 0Derat ion I Address - of Address en 
I 
, . I I I I I I 
I 
� I I I I I I 






· •  I I I 1 3 1 3 1 X 1 Z 1 0 , l 1 0 1 2 I I I I I I 
I I 
I , 3 1 4 1 X 1 Z , 6 1 l 1 3 1 4 
I 




1 3 1 5 1 X 1 Z 1 0 1 l 1 0 1 2 
I 
I I I I I I I I I 
T 
1 3 1 6  I 1 X 1 P , l 1 6 1 0 1 8 
I ( CR) I I I I I I I I 
I I 
I I I I I I I 1 3 1 7  I 1 X 1 B , l 1 7 1 3 1 6 
I 1 @ 6 
I 
I 1 3 1 8 I 1 X 1 I. 1 0 1 0 1 0 1 0 
I Dununy I I I I I I I 
I 




1 4 1 0  1 X , B , 6 1 1 1 3 1 7 
I 
I I I I · I I I I 
I I -.6x 
I I 1 · · I 1 4 1 1 1 T , 0 , 0 1 4 1 3 
I 1 I I I I I I 
I 
I I I I I I I 1 4 1 2  I 1 X 1 M 1 l 1 7 1 S 1 0 
I -1 @ 0 I 
I . I € @ 2 
1 6. 1 3 1 X 1 A 1 6 1 0 1 4 1 7 
I (0041) I I I I I I I I I x 
I T 
61{1 I 1 4 1 4 , T ,0 , 0 , 6 , 3 I 
> E 




I I I I I I I I 1 4 1 5 I 1 X 1 B 1 6 1 l 1 3 1 S 
I 
I I -.6x 
I I I I I I 1 4 1 6 I I 1 T , 0 1 0 1 4 1 8 
I 3 I I 
I I ' Xl I I I I I I I I 1 4 1 7 I 1X 1 M , l 1 7 1 5 1 6 l 
I I I I I I I 1 4 1 8 I 1 X 1 A 1 6 ,0 1 4 1 7 
I (0046) I 
I I 6x
3 1 4 , 9  , T 1 0 10 1 6 1 3 I 
> € 
I I I I I I I I I I x 
I I 6x @ 2 
I I l I I I I I I li t  Q I 1X 1 B 1 6 1 l 1 3 , 4 
I 4 
I I -·6x 
I 'i 1 1 1 T , 0 1 0 , S 1 3 
' 
I I I I I I I I I 4 
I I 
I I I I I I I I 1 5 1 2 I 1 X , M , l 1 7 ,5 , 6 
' 
I I 
I I I 1 I I I I 1 5 1 3 I ,X 1 A , 6 ,0 1 4 1 7 I (0051) 
I 
�-4 I I I I I I I I 1 5 1 4 I I 1 T , 0 , 0 , 6 1 3 




I I I I I I l I , 5 , 5 I 1X 1 B , 6 , l 1 3 , 6 I 
I I -6-x 
I I I I I I I I 1 5 1 6 I I , T ,0 10 1 5 , 8 I 2 
I -y 
I I I I I I I I 1 5 1 7 I 1X 1M I l 1 7 I 5 I 6 I 
I I 
I I I I 1 ·  I I I 1 5 1 8 I 1 X 1A , 6 1 0 1 4 , 7  ' ' I 
f I I I I I I I 1 5 1 9 , T ,0 ,0 , 6 , 1  ' 6x2 > € I I x 
I 
I I I I I I I I I 6 1 0 I 1 B ,0 10 1 6 1 3 I exit addrei 
6x .  < E 
I s 1. x 
I I 
I I I .  I I I I I I 61  1 I 1X 1A I l 1 7 1 2 1 9 
I 1 ca 29 
I I 
I I I I I I I I I 6 1 2 I I 1Y 1 0 ,0 , 6 1 3  I reset exit 
I I 
' ;<l I I I I I I I I I 6 1  3 I ,Y , TT  1 2 1 7. 1 7. 1 7.  (0062) 
I l 
Explosive Performance Parameters 
Subroutine ll ! 
Pro9ram 
a. 
Input Codes 0 -
en 
I 
I I I I I I I I 
I 
I I I I I I I I 
I 
I I I I I I I 
I 
I I I I I I I 
I 
I I I I I I I 
I I I I I I I 
I 
I I I I I I I 
I 
I I I I I I I 
I 
I I I I I I I 
I 
I I I I I I I 
I I I I I I I 
I 
I I I I I I · 1  
I 
I I I I • I I 
I I I I 1 ·  I I 
I 
I I I I I I I 
I 
I I I I I I I 
I 
I I I I I I I 
I I I I I I I 
I 
I I t I I I I 
I I I I I I I 
I 
I I I I I I I 
I I I I I I I 
I I I I I I I 
I 
I I I I I I I 
I 
I I I I I I I 
I I I I I I I 
I 
I I I I I I I 
I I I I I I I 
I I I I I I I 
I 
I I I I I I I 
I 
I I I I I I I 
I I I · I  I I I 
I 
I I I I I I I 
I I I I I I I 
I 
Sum Pro -lnrt Reat- r,a �� "' i  :-_ ;  � �  
Location 
XI 
0 1 0 1 0 1 0 
I . 0 . 1 
I 1 0 , 2 
I 1 0 1 3  
I , 0 , 4 
I , 0 1 5  
I 1 0 , 6  
I 1 0 1 7  
I 1 0 1 8  
I 1 0 1 9 
I 1 1 1 0 
I I 1 1 1 
I I 1 1 2 
I . 1 . � 
I 1 1 1 4 
I I 1 1 'i 
I 1 1 1 6  
I 1 1 1 7 
I 1 1 1 8 
I 1 1 1 g 
I 1 2 1 0  
I 1 2 1 1 
I 1 2 1 2  
I 1 2 1 � 
I I 2 1  /.,. 
I I ? 1  'i 
I I 2 1 6 
I I ? 1 7 
I I ? 1 A, 
I I ? 1  Q 
I I 31 0  
I I ':ll 1 
Instruction A. 
















I I B1 o . o . 0 1 3 • 
I 
I , Y, 0 , 0 1 3 .. 7 I 
I 
I I c. 0 1 O , 3 .  8 I 
I 
I x, H, 6 1 2 I 0 .  2 I 
T 
I 1 B, 0 1 0 1 4 1 0 ' 
I 
I 1 TT, 0 1 0 1 l 1 l  I 
r 
I 1 B, 0 1 0 1 0 , 9 ' 
I 
I ,t v. 0 1 O , 1 1 7 ' 
I 
I I C1 0 1 0 1 1 1  8 I 
I 






I R, o. 0 1 &., 2 I .r 
1 Y1 0 1 0 1 1 1 ':\  i 
I 
I R1 0 1 0 1  l... 1  � I 
1 
1 V, 0 1 0 1 1 1 6 ' 
I 
1 X1 B1 6 1 0 1 3 1 2  ' 
Contenta 
of Add, ... 
H6202 
B addres s + 
XI 
B address + 
26116 
T ca 14 
I 
' rxJ 1000 (cl 11  I I , n. o , O , u 1 l.a. J 
I I 1 H1 0 1 0 1 6 1 3  ' T /1000 (cl 3 
I 
I I 1 R1 0 1 0 1 6 1 Q  ' 
I 
I I 1 B1 0 , 0 1 3 1 6 ' 
I 
I I 1 8 1 0 1 0 1 4 1 1 I 1 ca 29 
I 
I I 1 Y1 0 1 0 1 3 1 6 I , . 
I I 1 8 1 01 0 1 4 1 3 ' M6101 
I 
I I X1 T1  Z • z ,  z ,  Z ' 
J 
� 'R annress I I 1 R1 0 1 0 1 1 1 1  ' 
T 
I I 1 S 1 0 1 0 1 u 1 h  ' 1 fa 2Q 
I 
I I 1 V1 0 1 0 1 � 1 � ' 
I 
I I . s . o . o . 4 . 8  ' 16 @ 29 
I 
I I 1 Y 1 0 1 0 1 3 1 S ' 
I 
I I 1 A 1 0 1 0 1 S 1 0 I 32 (cl 29 
I 
I I 1 Y 1 0 1 0 1 3 1 0 • 
l 
I I I B 1  7. 1 7. 1  Z 1 Z I c 
I 
XI I I . n . o . o . f; , O • ' 
C. 104 
Pao� 1 OT  � 
Notea 
Here for EY�, 
Clear acc. 
0 = Eye v 
1 
Here for EYC 
V ·  
0 = EYC v 
Set B addrP� s  
Y1 5 







address = ctr 
Exit subroutine 
Res et B address 
Reset A address 
Res et C address 
(0029 ) 
C o l05 
Subrout i!:1.e 1 1 : :3um Prc duc t -;:-{ea t Capacities Page 2 of 5 
Q. Inst r uct ion Q. Contents Program Input Codei 0 Location 0 Notes - Operat ion I Address - of Address en en 
I ' . 
I I I I I I I 
X1 I I I I I I 
I 
0 1 0 1 3 1 2 I A, c ,  0 1 4 1 7 I 1 @ 2 I I I I I I I I 
I 
1 3 1 3  I M1 z, z ,  z ,  Z I B {0011.. 25) I I I I I I I I I 
I 
1 3 1 4 1 D 1 0 1 0 1 6 1 3 
I T /1000 @ .3 I I I I l I I I I I 
I I 
1 3 1 5 I A, z,  Z 1 z, z I A (0027) I I I I I I I I I 
Yi 1 3 1 6 I M, Z 1 Z 1 Z 1 z 
I (0013 > 20) I I I I I I I I I I 
I I 
1 3 1 7 I A 1 z,  Z 1 Z1 Z I E (0001 .. 07) I I I I I I I I I I 
I 
1 3 1 8 I H, Z 1 z ,  Z 1 z I E (0001 9 08) I I I I I I I I I I 
I I 
I XJ 
I I I I I I I I 1 3 1 9 I I .... , u, o . o. 1 a. B Loop 
I I 
I 1 4 1 0 1 Z 1 0 1 l 1 3 1 l 
I (0004) I I I I I I I I I 
I I 
1 4 1  l , x , · z ,  o ,  o .  o .  1 I 1 @  29 I I I I I I · · I I I 
I I 
I I I 1 4 1 2 I 1 Z 1 0 1 2 1 l 1 5 
I (0010) I I I I I I 
I I 
i 1 4 1 3 I 1 X 1 M, 6 1 l 1 0 1 l 
· ,  (0021) I I I I I I I 
I 
., 1 0 1 0 , 0 1 0 1 C 1 2 1 0  
I 
1 4 1 4 3 1 0 1 8 1 0 , 0 1 0 , 0 1 0 
I 1 ooo ca 11 
I I 
I I I I I 1 4 1 5  I , 3 1 K1 41 0 
I Z6 1 1 6  (001 2) I I I I I 
I I 
1 4 1 6 1 4 
I 1 ca 29 I I I I I I I I I I I I I I 
I 
I XJ 
I I I I I I I I 1 4 1 7 2, 0 , 0 , 0 , 01 0 , 0, 0 1 ca 2 
I 
I 1 4 1 8 I 1 41 0 
I 
1 6  ca 29 I I I I I I I I I I I 
I I 
I I I I I I I 1 4 1 9 I I I l I I I R1 �nk I I 
I 
I I I I I 1 5 1 0 I 81 0 
I 
32 ca 2g I I I I I I I I 
I I 
I I 1 5 1 1 
I RVtnk I I I I I I I I I I I I I 
I 
I I I I 1 5 , 2 I I I 
I t i  I I I I I I I I 
I , .  
I I I I I I I I , 5 , 3 I I I I I I t i  I I 
I I 
I I I I I I I I , 5 1 4 I I I I t i  I I I 
I I 
I XJ 
I I I I I I l I 1 5 1 5  I I I I I I I t i  
I j 
I I 1 5 1 6 I " I I I I I I I I I I I I I 
I I 
I I I I I I I I 1 5 1 7 I I I I I I I f  I I ' I 
I I I I I , 5 , 8 I I I " I I I I I I I 
I 
J I I I I I I I 1 51 9 I " I I I I I I I 
[ I 
I 
I I I I I I I I I 6 1 0 I I I I I ] 
I 'T' /1000 <o 1 I ' I 
I I I J I I I I 1 6 1 1 I I I I I I 
I �, �nk ' ' 
I I I I I I I I I 61 2 I I I I I I I I II  
I I 
X) I I I I I I I I I 61 3 [ I I I I I I I ] I T /1000 @ 3 
I I 
C l06 
· Subrrm.tinP 1 1  • S11m 'i='1 ,  , ,, ,  ... t- u�.::1.t r.�n.::1ri  1- ;  ::i. �  p:q n,p. 1 n-f ;; 
Program 
Q. I nstruction Q. Contents Input Codes 0 Location :! Notes - Ooeration I Addre11 of Addre11 u, 
I 
I I I I I I I I 
I 
� I I I I I I I I 
I A @ 5 " 1 0 , 0 1 0 , 0 1 0 1 3 , 2 
' 
0 . 1 , 0 1 0 2 , l 1 W 1 2 1 G 1 0 1 2 1 0 1 I c 
I I 
I I I I t I I t 1 0 , 1 l I K 1 (i) I 9 I 7 I 8 1 K 1 4 I 2 
I ' 
I I I I. I I I I 1 0 1 2 3 1 F 1 7 1 61 J 1 8 1 G 1 4 I 3 
I I 
I I I I I I I I , 0 , 3 1 , K l <i> . 9 , 7 , 8 , K , 4  I 4 
I I 
I I I I I I I I . o , 4  3 . 0 , G h 2 1 4 1 K 1 K 1 2 I 5 
I I 
I I I I I I I I I 0 1 5 4 1 8 1 7 , 3, G , 6 1 41 6  ' 6 
I I 
I I I I I I i I I 0 1 6 6 . 0 . 5 , G , 2 1 2 1 K 1 0 I l 
I .r ' . �  I I I I I I I I , O t  7 7 1 4 1 l 1 9 , 9 1 9 1 9 1 F 8 
I ' 
I I I I I I I I 1 0 1 8 6 1 0 , 2 , 2 1 K 1 0 , Q , 6 ' 9 
I . .  ' 
I I I I I I I I , 0 1 9  2 , 4 1 W 1 0 1 F 1 3 1 K 1 8 I 10 
I I 
I · I I I I I I I 1 1 1 0 2 I 2 I 9 I l 1 -6 I 8 I 7 I 2 I 1 1  
I I 
I I I I I I I I 1 1 1 l l 1 W 1 0 1 9 1 3 1 7 1 4 1 J' I 12  
I I lA @ 10 
I I I I I I I I 1 11 2 I 1 S 1 W 1 6 1 4 1 S 1F I 13 c 
I I 
I I I I I I I I 1 11 3 I 1 J 1 W 1 3 1 G 1 6 1 4 I 14 
I I 
I I I I I I I I 1 1 1 4 I 1 8 1 0 1 Q 1 K 1 9 1 2 I 15 
I I XI I I I I I I I I I } 1 5 I I I I I I I I Blank ' I B @ 6 
I I I I I I I I 1 11 6 W , 4 1 l 1 3 1 7 1 4 1 G 1 J I 1 c 
I I 
I I I I I I I I I ]  I 7 'W 1 <! 1 Q 1 l  1 6. 1 7 1 F 1 Q ' 2 
I I 
I I I I I I I I I 1 1 8 W 1 4 , 9 1 K 1 G 1 2 , 2 1 Q I 3 
I I 
I I I I I I I I I 11 g W1 J 1 0 1 1 1 l 1 2 1 6 1 Q  I 4 
I I 
I I I I I I I I 1 2 1 0 'W I  F 1 7 1 � 1 Q 1 7 1 6 1 .T I 5 
I I 
I I I I I I I I 1 2 1 1 W 1 G 1 S 1 l 1 6 1 8 1 7 1 2 I 6 
I I 
I I I I I . I I I I 2 1 2 W 1 G 1 2 1 l 1 J 1 F 1 J 1 0 I 7 
I I XI ·  . I I I I I I I I I 21 � W 1 G 1 9 , 3 1 7 1 4 1 G 1 J' I 8 
I I 
I I I I I I I I I 2 1 U W 1 J 1 3 1 4 1 3 1 9 1 5 1 8 I 9 
I I 
I I I I I I I I I 2 1 5 W , 4 1 0 1 2 1 8 1 W 1 5 1 J I 10 
I I 
I I I I I I l l I 2 1 6 W , l 1 K 1 4 1 W 1 K 1W 1 4 I 1 1  
I I 
I I I I I I I I I 2 1 7 W 1 9 1 F 1 W 1 9 1 K 1G 1 2 I 12  
I 
[ I 
I B @ 1 1  
l I I I l I I I I 21 A I I I I I I j I - 0 13 c , .  I 
I I I I I I I I I ?1 Q W 1 Gl , K , 2 1 8 1 W 1 S ,J I 14 
I 
I I l I I I I l I 3 1 0 W 1 W 1 F 1 F 1 J 1 8 1 G 1 4 ' 15 ' ' 
� l I I I I • I I I ":lt 1 I • I I I I I I Blank 
I 
C.107 
Subroutine 1 1 : Sum Product Heat Ca.oacities Pa2e 4 o f  5 
Program I nput Cod•• 
Q. Instruction A Contents 0 Locat ion 0 Note1 - Ooerat ion I Address - of Addre11 u, u, 
I ,. 
I I I I • 
I 
� I I I I I I I 
I 
I c @ 5 , 1 0 1 0 1 0. 0 1 0 . 3 . 2 ' 01 11 3 1 2 W 1 Q1 2 1 F 1 J1 K 1 9, Q I 1 c 
I I 
I I I I I I I I , 3 , 3 w, Q, F , 3 . 01 5 1 5, 4  
I 2 
I I 
I I I I I I I 1 3 1 4 W, K, K, J , J , 6 , 4 , 0 
I 3 I 
I I 
I I I I I I I 1 3 , 5 W1 Q 1 S 1 6 , s , 2 , G, Q 
I 4 I 
I I 
I I I I I I , 3 , 6  I 4, Q , 6 , 6 , 6 1 6 1 6 
I 5 I I 
I I 
I I I I I I , 3 , 7 , G, 2 , J , o , 8, 3, 2 I 6 I I 
I I 
I I I I I I I , 3 , 8 I WI 2 , 0 1 J, 4 1 91 J 
I · 7 I 
I 
I XI I I I I I I I I , 3 , 9 1, 3, 9 , 1 , 6, 8 , 7 , 2 8 
I I . .  
I I I I I I I , 4 , 0 , J, s .  G,  2 , 2 , Ki O I . -9 I 
I I 
I I I I I I • •  I 1 4 1 1 W, K, Q .  J . 3. J . 9. Q 
' 10 
I 
I I I I I I I I , 4 , 2 W, K, 2 1 Q .  9. 7 1 8. Q .  ' 11 
I I 
I I I I I I I I , 4 , 3 W1 J, K, 6 1 6, J. W, 4 . I 12 
I I 
I I I I I I I I 1 4 1 4  [ I I I I ] 
' = 0 13 I I 
I 
I I I I I I I I 1 4 1 5 W, F, K, 9 , 11 6 1 8, 8 I 14 
I I 
I I I I I I I I 1 41 6 W1 F, W, 9 , K, G , 2, 2 ' 15 
I I 
I XI I I I I I I I I 1 4 1 7 I I I I I I I Blank 
I I 
A- @ 5 
I I I I I I I 1 4 1 8 l, 0 , 8, K , 4, W, Q• 0 I 1 c 
I I 
I I I I I I I I , 4 , 9  1, J , J , 5 1 Ft l 1 J, F I 2 
I I 
I I I I I I I I , 5 , 0 3 1 7 , 6, 7 ,  6 , J, 8, J I 3 
I 
I I I I I I I I 1 5 1 1 11 J, K, 0 1 <i> 1 5, 6, 0 I 4 
I I 
I I I I I I I I 1 5 , 2  2 ,  W1 81 J1 4 1 9 1 G1 F 
I 5 I t 
I I I I I I I I , 5 , 3  6.1 7 I 6, Fl 7 I (i) I w. F I 6 I I 
I I I I I I I I , 5 , 4 5, W, S ,  1, Q, C!, 81 6 I 7 
I · �  I I I I i I I I , 5 , 5  7, 3, 2 1 l{, O, Cih 5. 6 8 
I 
I I I I I I I I , 5 , 6 S , W, 5, o . Q, 5, 61 0 I 
I 
I I I I I I I I , 5 , 1 2, 1, G> 1 1, 41 7 1  F• Q I 10 
I I 
I I I I I · I I I 1 5 , 8 l, Q, G 1 7 , 4 1 G 1 J, 6 I 11 
I 
J I I I I I I I , 5 , 9 1. K, 4, 8. G. 4. 3. F ' 12 
I 
I I I I I I I I I 6 1 Q I 1 5, W, 6 1 4 1 5, F I 13 A
- @ 10 
I 
I I I I I I I I , 6 ,  1 I , 7 , 7 1 J, �. K. F I 14 
I 
I I I I I I I I 1 6 1 2 I , 6, 8 1 Q, K, 9, 2 , l 'i 
I I Xl I I I I I I I I I 6 1 3 I I I I I I I I 'R l !:11'1'\lr I I 
C. 108 
Subroutine 1 1 : Sum Product Heat Capacities Page S- of  5 





..._ _________________ __.: Ooeration I AddrHI w C.tenta of Addr••• 
I I I I I I I f 
I I I : I I I f ><I 
I 







I I I 
I I I 
I I I I I I I 
I 
I I I I I I I 
I I I I I I I 
I I I I I I I : - , ,  · · ., . .  
I I I f I I I 
J 
, 1 0 1 1 W, 8 , G , G . 6 . 4 , 5 , F  • 2 
T 
, 1 0 , 2 Q , Q I K,  J , F I J ,  0 ,  8 • 3 
I 
1 , 0 , 3 W 1 9 , 3 1 K 1 W 1 3 , G , 6 • 4 
I 
1 , 0 , 4 Q 1 F , 7 , W . 7 , J , Q 1 Q • 5 
I 
I 1 0 1 5  Q 1 0 1 K 1 W 1 3 1 G 1 6 1 4 I 6 
I 
1 , 0 , 6 K , 4 , F 1 8 1 7 , 2 1 G 1 0 • 7 
T 
, , 0 , 8  Q , 2 11 , F, 9 , w . � . G- • 9 
Nat .. 
B- @  6 
c. 
· · : - :·, --;; .... . , . 
' ,_ . ' . .  - -".:·. ... . .. 
. . • <: l . I I I I I · . 
I - I I I I I I ' 
I I I · I I I I 
I I I I I I I 
I I I I I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I I 
I 
I I I I 
I 
I I I I 
I 
I I I I 
I 
I I I I 
I 
I I I I 
I 
• , · o ,  9 W1 0 1 F t�+2-,L�J }j_�-�·-4--_____ ......,._1_0 _______ ...,. 
I , 1 , 0 W , 1 , 7 , 3 1 G 1 6 1 4 1 6 ' 11 
I 
I I l 1 1 w I 9 I 2 I O , 4 , l 1 8 1 F I 12 
1 1 
B- @ 11 
I I 1 1 2 [ I I I I I I I ] I - 0 13 C 
I 
, , l I j W I WI G I J . F 1 3 , K ,  8 • 14 
I 
I 1 1 1 4 W 1 W 1 Q 1 8 1 0 1 8 1 3 1 2 I 15 
, , 1 ·  'i • 1 • : , • • , � Blank 
I 
, 1 1 1 7 W , K , F , G , G , 9 1 8 , J • 2 
I 
I I 1 1 8 W , K , 8 1 0 ,G , 7 , 8 , 0 I 3 
I 
I I 1 1 Q W 1 K 1 J 1 0 1 3 1 4 1 6 , Q I 4 
, , • •  1 , ' -+--+__..•__.•�2�·�0;::,+w--.1 _K�·-a�·�s�1�1_1�Q�, G..;;.J.,_a....._,"'"'-��--�--__,1--s��------------_. I I 
I I I I I I I I 1 2 1 1 W , K , <i> . 3 1 8 1 8 1 6 1 6 '  6 
I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I I 
I 
I I I I 
I I I I 
I 
I I I I 
I 
I I I I 
I 
I I I I 
I I I I I I I 
I I I I I 
I 
I I 
I I I I I I I 
I I I I I I I 
I 
I I 2 1  2 w I Q  I 3 I F .• 4 I 3 I w I Q  ' 7 
I 
I 1 2 1 LL  W 1 Q 1 4 1 1I W 1 2 , l t 2  I 9 
I 
I 1 7 , 'i W 1 J 1 6 1 G 1 G 1 9 1 8 1 J I 
I 
I 1 7 1 6 W 1 J 1 g 1 8 1 W 1 .T 1 S 1 0 I 
I 
I 1 ? 1 7 W 1 K 1 6 1 K1 4 1 2 1 J 1 4  ' 
I 
I I ? 1  A r I I I I I I I l I ' 
I I ? 1 Q W , F , 0 , 2 1 0 1 J 1 4 1 F I 
1 
I I 31 0 W I  F I 8 I 3 I l 1 2 I 6 I � I· 
I I ":I.I 1 I I I I I I I 









c . 109 
Expl osive Performance Paramet ers 
Subroutine 12: Compute T + 6.T .. T Print PacrP 1 of 2 
Q. Instruction A Contents Note• Program Input Codes 0 Location 
Operation I Addre11 In of Addreu U) 
I 
I I I I I I I f 
I XI I I I I I I I I 
I for fil > ET I I I I I I I 0 1 0 1 0 1 0 I I 1 B 1 01 0 1 3 , 0 • exit 
I I 
I I I I I I I I 1 0 11 I I I A, 0 1 0 1 4 1 4 • 1 @ 29 
I I for fil < ET I I I I I I I I 1 0 1 2 I I 1 Y1 01 0 1 1, 0 I exit 
I I 
I I I I I I I I 1 0 1 3 I 1 X 1 B 1 6 1 0 1 3 1 2 I T @ 14 Old value 
I I 
I I I I I I I I , 0 1 4 I I x I M, l 1 7 I 41 0 I 1 @ 10 
I I 
I I I I I I I I 1 0 1 5  I I 1 H , 0 1 0 1 S 1 S I T @ 24 
I I 
I I I I I I I I 1 0 , 6 I 1 X 1 B 1 61 0 1 3 1 2 I 
I I 
X) T ' @ 14 I I I I I I I I I 0 1 7 I 1 X 1 S 1 6 1 0 1 3 1 7 I New value 
I 




I I I I I I · ·  I I 1 01 9 I 1 X1 S 1 6 1 0 1 41 6 I (0015) 
I fil < ET I I I I I I I I 1 1 1 0 I 1 X1 T 1 Z1 Z 1 Z1 Z - I 
I I I 
I I I I I I I I 1 11 l I 1 X 1 A 1 6 1 0 1 41 6  I 
I 
I I I I I I I I 1 11 2 I I 1 H 1 01 0 1 6 1 0 I l6Tl ca 14 
I I 
I I I I I I I I 1 1 1 3 I I 1 U 1 01 0 1 li 6  I 
I I 
I I I I I I I I 1 11 4 I IX  I Mt  l 1 7 I 5 I 6 I -1 @ 0 (0008) 
I XI I I I I I I I I I 1 I C, I I 1 U 1 0 1 0 , 0 1 9 I 
I I 
I I I I I I I I 1 11 6  I I 1 B 1 0 1 0 1 S 1 9 I 1000 @ 24 (0013 )  
I 
I I I I I I I I I 1 1 7 I I 1 D 1 0 1 0 1 6 1 0 I 
I I 
I I I I I I I I I 1 1 8 I I 1 H 1 0 1 0 1 S 1 8 I 1000 /M @ .0 " =  K 
I 
I I I I I I I I 1 11 9  I 1 X 1 A 1 l 1 7 1 4 , 0 I 
I I 
I I I I I I I I 1 2 , 0 I I 1 H 1 0 1 0 1 S 1 6 I K +  1 @ 10 
I ' 
I I I I I I I I 1 2 1 1 I 1 X 1 B 1 6 1 0 1 3 1 7  I 
I I 
I I I I I I I I I 2 1 2 I I 1 M1 0 1 0 1 S 1 8 I KT ' @ 24 
I 
I XI I I I I I I I I I 2 1 ·� I I 1A1 0 1 0 1 S 1 S T @ 24 
I I 
I I I I I I I I 1 2 1 4  I I 1 D 10 1 0 1 S 1 6 I 
I I 
I I I I I I I I I 2 1 Ii I 1 X 1 H 1 6 1 0 1 3 1 2  I T" NPxt trial T I I 
I I I I I · I I I 1 2 1 6 I 1X 1 B 1 6 1 0 1 3 1 2 I J.t,:iore for .T nrint 
I 
I I I I I I I I I 2 1 7 I 1 X 1M 1 l 1 7 1 4 1 0 I I I 
I I I I I I I I I 21 A I I 1 r. 1 0 1 0 1 '; 1 7 I I ' 
I I I . I  I I I I I 2 1  Q R 1 0 1 0 1T 1 0 1 0 1 1 1l I Print if TC down 
I I 
I I I I I I I I I 31 0 I 1X 1U 1 Z 1 Z 1 Z 1 Z I Exit .. � > ET 
I 
XI I I I I I I I I I �I 1 I , X , P , 0 , 3 , 0 , 3 I ( Space )  
I 
C . 1 10 
Subrout ine 12 : Comoute T + /\T .. T Print Paoo 2 nf ? 
Q. Instruct ion Q. Contents Notes Program Input Codes 0 Location 0 u; Ooerat ion I Address - of Addreu U'J 
I 
I 




I I I I I I I 
I 
0 10 , 3 1 2 ,X ,z 10 10 10 14 I I I I I I I I I 
I 
( UC) , 3 , 3 1X ,P 10 18 10 1 5 
I 
I I I I I I I I I 
I 
1 3 1 4  ,X ,z ,0 10 10 16 I I I I I I I I I f 
I I 
(T) , 3 , 5 ,X 1P ,4 I 5 10 17 
I 
I I I I I I . I I I r ' 
1 3 1 6 1X 1Z ,0 10 10 18 
I 
I I I I I I I I . I ' 
( =) 1 3 1 7  1X 1P 11 tl 10 19 
I 
I I I I I I I I I 
I I 
, 3 , 8 .X 1Z ,0 10 1 l ,0 
I 
I I I I I I I I I I I , XJ I I I I I I I I 1 3 1 9 I .x 1P 10 14 1 l I l (LC) 
I ' 
I 1 4 1 0 .x ,z 10 10 el 12 I I I I I I I I I 
I 
1 4 1 l .X .1P ,2 10 ,1 13 
I (BS) I I I I I 1 · • I I I ' 
I I U I 2 JC 1Z ,O ,O 11 14 I I I I I I I I I 
I I 
1 4 1 3  .X 1P ,2 ,O 11 15 
I (BS) I I I I I I I I I I 
I I I I I I 1 4 1 4 .X ,z ,0 10 10 , 1 I 1 @ 29 I I I 
T I 
I I 1 4 1 5  .x iR 11 19 10 ,3 I 1 2 .4 Pr int I I I I I I I 
I 
I I I I I 1 4 1 6  .x 1U ,1 19 ,o ,0 I I I I I 
I 
I XJ 
I I I I I I I I 1 4 1 7  I I 1Z 10 10 ,s 17 
I I 
I I I l&. 1  8 I 1X ,z ,O 11 1 2 14 I Pr int T @ 24 I I I I I I 
J I 
I I f U I 9 1X ,B 11 t7 13 16 I 1 @  6 I I I I I I I ' 
I I I I I , 5 , 0 ,X 1P 16 10 12 12 I Dwmny I I I I 
I 
I I 1 5 1 1 1X 1I 10 10 10 10 
I 
I I I I I I I 
I 
I I I I 1 5 1 2 I ,T 10 10 1 10 
I - i f  S ix Bit  down I I I I I 
I ' 
I I I I I I I , 5 1 3 lu lo ,o ,3 ,o I I I I 
I I 
.o .0 ,o ,o ,0 11 lo ' , 5 , 4  I Blank , I I I I I I I I 
I 
[ I  
I ,l I XJ 









I] I I I I I I I 1 5 1 7 I I I I I I T ca 24 for or int I 
[. 
I 
I I I I , 5 1 8 I I I K (cl 10 I I I I I I I I ' I 




I ]  I I I I I I I 1 6 1 0 I I I I I I M I (cl 14 I I 
I I 
I I I . I I I I I 1 61 1 I I I I I I I I 
I I 
I I I I I I I I I 61 2 I I I I I I I I 
I I 
I XJ I I I I I I I I , 6 , 3 I I I I I I I 
I I 
· ,  
0 0 0 0 B 0 0 6 
0 1 c 0 0 1 
0 2 x c 6 1 4 
0 3 s 0 0 6 
0 4 A 0 0 3 
0 5 y 0 0 0 







0 0 0 0 0 1 
3 I M 6102 
0 I 
1 I E t:H 
0 ' 1 3 




2 9  
C.111 
Here for I: �  
Clear Sum 
0001 06 08 
Ex it Subrout ine 
co 9 
NH @ 9 
CH OH @ 9 
CH O @ 9 


























Here for 1:y 




Ex losive Pe 
0 0 
0 1 
0 2 x s 6 0 3 1 I 
0 3 X D l 7 3 2 I 
0 4 X H 6 1 4 0 I 
0 5 X B 6 1 0 0 I 
0 6 M 0 0 2 8 I 
0 7 H 0 0 2 9 I 
0 8 X B 6 2 0 3 I 
0 9 D 0 0 2 2 I 
1 0 u 0 0 1 2 I .  
1 1 ] 
1 2 X M 6 2 4 8 I 
N 0 0 2 1 I 
I:Y.6H @ 16 
0 
6H @ 16 
1 @ 2 
Q2 @ 
14 
'i..Y @ 8 
I:YCv @ 12 
100 @ 10 
@ 2 
1 29 
I:YCv @ 12 
f3 @ 2 
C o 113 
Note• 
K 
cal  m 
cal  m 
ca l  
mo l 
10 Kcal /mo! O K 
ca l /  O K 
cal /100 O K 
cal /  m ° K 
2 
Shift t o  2 
1 
100 10 000 
k 
" 
�vn l nCl iVe p�,.. fr, irm�n..-·· E: F�r>:1mi::.f"P. rs 
�n'hrnnf- i n� 1 i; .  It�r.A t- � r1n V? and 8 
Program Input Codes 
Q. Instruction 0 Location - Ooeration I Addre11 Cl) 
I 
I I I I I I I 
·, 
I 
I X1 I I I I I I 
I I I I I I I 0 1 0 1 0 1 0 I 1 Y 1 C 1 6 1 1 1 � 1 5 
I I 
l l I I t I I I i 0 , 1  I I a f: , O a 1  1li. 1 ?  ' 
I t I I I I I I 1 0 1 2 I , Y 1 R 1 6 1 1 10 1 0 
I I 
I I t I I I ·  I I 1 0 1 3  I I 1M 1 0 1 l  1 L.. 1 i;  
I I 
I I I I I I I I , 0 , 4  I , X , D , 6 1 2 1 0 1 2 I I 
I I I I I I I I 1 0 1 5  I 1 X 1A 1 l 1 7 1 3 1 2  
I I 
I I I I I I I I 1 0 , 6 I I 1 H 1 0 1 l 1 3 1 S 
. I I 
I I I I I I I I 1 0 1 7 I 1� 1 R 1 Z 1 Z 1 Z 1 Z  
I I 
I 1 .  I I I I I I 1 0 1 8 I 1 X 1 U 1 Z 1 Z 1 Z 1 Z 
I I 
I I I I I 1 ·  I I 1 0 1 9  I I 1 3 1 0 1 1 1 4 1 4 
I I 
I I I I I I I I 1 1 1 0  I 1 X 1 S , 6 , 0 1 4 1 2 
I I 
t I I I I I I I 1 1 1 1 I I 1 1' 1 0 1 0 1 2 1 3  
I I 
I I I I I I I I 1 1 1 2  1 X 1 B 1 6 1 0 1 4 1 2  
I 
I I I I I I I I 1 1 1 3 I I 1 S , 0 1 l 1 l&. 1 1  
I I 
I I I I I I I I 1 1 1 4  I I 1 T , 0 1 0 1 l 1 9  
I ' 
I I I I I I I I I 1 a 5 I , Y , "R. 1 6 1 0 1 4 1 2 
I ' 
I I t I I I I I 1 1 1 6 I I 1 M1 0 1 l 1 3 13 
I I 
I I I I I I I I I l 1 7 I I 1 S 1 0 1 l 1 3 1 4 
I I 
I I I I I I I I 1 1 1 8  I I 1 U 1 0 1 0 1 2 1 6  
I I 
I ). I I I I I I I 1 1 1 9 I 1 X 1 :S 1 6 1 0 1 4 1 2 
I I 
I I I I I I I I 1 2 1 0 I 1 X 1 M1 l 1 7 1 3 1 l  
I 
I I I I I I I I 1 2 1 1  I I 1 8 1 0 1 1 1 3 1 6 
I 
I I I I I I I I 1 2 1 2 I I 1 H 1 0 1 0 1 2 1 6 
I I 
I I I I I I I I 1 21 3 I 1 X 1 R 1 6 1 0 1 4 1 2  
I I 
I I I I I I I I 1 2 1 u  I I 1 M 1 0 1 l 1 3 1 7 
I I 
I I I I I I I I 1 2 1 5  I I 1 A 1 0 1 1 1 1 1 .q 
I ' 
I I I I I I I I 1 2 1 6  I 1 Y 1 i-i 1 6 1 0 1 1 1 Q 
I I 
I I I I I I I I 1 2 1 7  I I I °'P l  0 1 l 1 1 1  � 
I I 
I I I I I I I I 1 ? 1 A I I Y 1 � 1 f.i 1 0 1 'l 1 Q  
I I 
l l I I I I l I 1 ?1 0  I I V 1 'J.t 1  if l  ".)) • .  lL.i. A 
I ' 
I I I I I I I I I .31 0 I l _'i_ l 'R I f1. I  () 1  � 1 9  
I ' 
I I I I I I I I I ':l1 1 I 1 V 1 � 1 f:.. 1 ? 1 l.._ 1 �  
I ' 
A Contents 0 
� of Addre .. 
I 
I �v ctr 
I J:,y @ 8 
I R @  6 
I 'J:,yCu @ 1 2  
I 1 @  2 
I f3 ' @ 2 
I � 
I 
I L 2 @ 2 
I P2 @ 2 
I 
I 
I o . 9 ca 2 
I 
I XI 
I C o 4 @ 0 
I 0 . 01 ca 2 
I 
I 
I 1/2 @ 0 
I o . f ca 2 
I 
I XI 
I o . 3  ca 0 
I 0 . 1 1 ca 2 
1. ?nfov ·  ca 2 
I 
I 
, , � , s ca 2 
• 
I XI 
C o  1 14 
l>!:i oP 1 ni= b. 
Not ea 







< 1 . 2 
p2 
< 0 . 9 
0 . 9 < P2 < 1 . 2 
P2 
< 0. 9 ( 0014) 
P2 
> 1 .  2 ( 0011 )  
( 001 8 _ 2 ? )  
-
-
s ·�br rm� ; nt::\ l i; 0 
Program Input Codes 
I 
I I I I I • I 
I I I I I I I 
I 
I I I I I I I 
I 
I I I I I I I 
I I I I I I I 
I 
I I I I I I I 
I 
I I I I I I I 
I 
I I I I I I I 
I I I I I I I 
I 
I I I I I I I 
I 
I I I I I I I 
I . . 
I I I I I I I 
I 
I I I I I I I 
I 
I I I I I I I 
I I I t I I I 
I 
I I I I I I I 
I 
I I I I I I I 
I 
I I I I I I I 
I 
I I I I I I I 
I I I I I I I 
I 
I I I I I I I 
I 
I I I t I I I 
I 
I I I I I I I 
I 
I I I I I I I 
I 
I I I I I I I , -
I I I I I I I 
I 
I I t I I I I 
I 
I I I I I I I 
I 
I I I I I I I ' 
J I I I I I I 
I I I . I I I I ' 
I I I I I I I 
I 
I I I I I I I 





lt Prat:.P r,n V2 and 8 
Location Instruction 
0Derat i on I Address 
I X1 
01 01 3 1 2  
I 1 3 1 3  
I 1 3 1 4 
I 1 3 , 5 
I 1 3 1 6  
I 1 3 1 7  
I 1 3 1 8  
I 1 3 1 9  
I 1 4 1 0 
I , 4 , 1 
I 1 4 1 2 
I 1 4 1 3  
I 1 4 1 4  
I 1 4 1 5  
I 1 4 1 6  
I 1 4 1 7 
I 1 4 1 8  
I 1 4 i 9 
I , 5 , 0 
I 1 5 1 1  
I 1 5 , 2  
I 1 5 1 3 
I 1 5 1 4 
I 1 5 1 5 
I , 5 1 6 
I 1 5 1 7 
I 1 5 1 8 
I 1 5 , 9  
I I 6 1 Q 
I 1 6 1  1 
I I 6 1 2 





























I X, S 1 11 7 , 3 ,  2 
I 
I I H, o. 11 3 ,  9 
I 
I X1  B 1  6 1 01 4 ,  3 
I 
I X1  S ,  6 1 01 4 ,  4 
I 
I x, M, 6 1 2 ,  4 ,  8 
I 
I X1 D, 11 ? 1 3 1  2 r 
I x, S ,  6 1 0, 4 ,  4 
I .. . 
I X1 A1 6 1 o, 41 0 
I 
I x, M, i. 7 1 3 1  2 
I 
I I D, O, 1 ,  1 ,  g 
I 
I I H1 01 1 1  4l 6 
I 
I X1 A, 6 , 01 41 4 
I 
I x, H, 6 1 01 41 4 
I 
I y, R, 11 7 1  1, Li. 
I 
I X• Dt 61 01 4, li. 
I 
I x, Ht 61 01 41 2 
I 
I Y1 S, 1 ,  ., , 1, 1 
I 
I I '1"1 O, 1 1  21 0 
I 
I I � . O, 11 �. 1 
I 




I T,  o, 1 1  , .  () 
I 
, R, n. 1 , , .. n 
I 
I . I T' , 01 01 i; ,  t:.. I 
I YI M1 1 1  7 1  i;, h 
I 
I Y, A,  F..1 01 41 t; 
I 
I I T , n, n 1  n, , r 
I I B· 01 11 31 2 
I 
I I Ya 01 11 11 2 
I 
81 O, 01 T1 01 O, 61 2 
I 
I I I U, 01 11 11 4 
I 
I I X1 R.J 21 11 01 , 8  
I 
I I x. U, 2, 31 51 5 
I 
P!:1 O P.  ? ,:-, F !..... 
A. Contents 0 NotH - of Addreas Cl) 
I 
1 (cl 2 
I Temp . 
I v @ 1 
2 
I v @ 2 2 
I B @ 2 
I 1 @  2 
@ 2 I v 2 




@ 2 I v ( 0148) 
I v - 6.v 
I 1 ca 4 
I 
, [Xl P2 @ 2 
I O n 5 ca 2 ( 013 1 )  
I Ram:1e error .. P2 < 0 � 5  
I 





· � . . , ra o 
€ @ 2 • v 
I 
I 





. �  
le error , 
P2 
> 2 . 2  
-6.v 
t nni;4·, " iterate (6v > € v' 
c:,.... t- c ..... ; � r 1" 
v, 6.v if TC down 
Enter a.ti (01 2 5  .) 
�11hrn11t- i nP lS • J t PT.::11 f-p 





I I I I I I I I 
I 
)<] I I I I I I I I 
I 
1 0 1 0 1 0 1 0 1 0 1 0 1 1  ' 0, 1 1 0 1 0  - I 
1 '  I I I I I I I 1 0 1 1 
I 
I I I I I I I I I 0 1 2 
I 
I I I I I I I I 1 0 1 3 
I 
I I I I I I I I , 0 1 4 
I 
I I I I I I I I 1 0 1 5  
I 
I I I I I I I I 1 0 1 6  
I I I I I I I I 1 0 1 7  
I 
I I I I I I I I 1 0 1 8 
I . .  
I I I I I I I I 1 0 1 9  
I I I I I I I I I l 1 0 
I 
I I .  I I I I I I 1 1 1  l 
I I I I I I I I 1 1 1 2  
I I I I I I I I 1 1 1 3  
I 
I I I I I I I I 1 1 1 4 
I I I I I I I I 1 1 1 5 I 
I I I I I I I I 1 1 1 6 
I I I I I I I I I l 1 7 
I 
I I I I I I I I I 1 1  8 
I 
I I I I I I I I 1 l 1 Q  
I I I I I I I I 1 2 1 0  
I 
I I I I I I I I 1 2 1 1 
I 
• •  0, 0 1 0 , 0 1 0 , 0 1 2 I 1 2 1 2  , 
I I I I I I I I I 2 1  � 
I I I I I I I I I 2 1 U 
I 
I I I I I I I I I ? I Ii 
I 
I I I I I I I I 1 2 1 6 
I 
I I I I I I I I I ? 1  7 
I I I I I I I I I ? 1  8 
I I I I I I I I I ? 1  Q 
I I I I I I I I , 3 ,  0 
I 
I I I I I I I I I ':11 1 
nn v2 and a. 
Instruction A Contents 
Operation I Addr- &; of AddrHS 
6 1  n 1 ? . o I v  • .  T 1 1  1 n I 
I 
2 1 8 1 .. 1 J 1 Z 1 J 1 2 1 0 I 
1 
la.. 1 R 1 V 1  .Y , 0 1  0 1 0 1 I 
I 
I 1 Y 1 R 1 l 1 Q 1 0 1 '::\ I 
I 
I 1 X 1 TT 1 1 1  Q 1 0 1 0 I 
I 
I 1 Y 1 7. 1 � I 0 1 l.a. 1 l.a.  I 
J 
I 1 Y 1 7. 1 0 1 l 1 0 1 ?_ I 
J XI .,.,. 1 7' 1 0 1 l i l.a. 1 0 I I I 
T 
I 1 X1 Z 1 01 l 1 01 2 I 
T 
I 1 X 1 P , l 1 6 1 4 1 S  I 
I 
I 1 X 1 B 1 l 1 7 1 3 t 6  I 1 cci 6 
I 
I 1 X1 I 1 01 0 1 01 0  I -. 
I 1 X1 U 1 Z 1 Z 1 Z 1 Z  I 
I 
I I 1 T 1 01 l t l 1 6  I 
I 
I I 1 B 1 01 l 1 4 1 2 I t:::.v ctr 
I XI I I 1 T 1 01 l 1 1' 9 I 
l 
I I I B a  O ,  l I l a 9 I li'v; t-
I 
I 1 X1 A 1 l 1 7 1 2 1 9 I 1 @  2 9  
I 
I I , Y1 01 1 ' l i  9 I 
I 
I I Xa U. Z I Z I Z I Z I 
J 
I 1 X1 R1 2 , 3 1 01 8  • 
J 
I I X1 U. 2 I 3 I 5 I 5 • 
I 
6 1 01 31 01 E 1 4 1 - 1 J  I 
I XI 3 1 8 1 31 01 4 1 01 01 0 I ' 
I I I Ra 01 l a  la 2 I 
I 
I I I lit 01 01  6 1 2 I 
T 
I I Y1 �· 1 2 1  7. 1  7. 1  Z I 
I 
I I XI 1Tt Z 1  Z I  Z t  Z I 
I 
I 1 Y1 R 1 l 1 7 1 'i 1 n I - 1  ca o 
T 
I I I f'! I  n1  1 I l.a. 1  2 I ' 
I I YI 'R. I h I O I l.a. 1  ,2 • 
I 
� I I I TT 1 n.  0 1  L.1.1 R I ' 
P.A o-e 3 of u 
,.otea 
Tb UC v LC 
2 - �D nr 
6. v LC exit 
1 ?  l.a. Pr ;nt-
. . 
v @ 2 
I 
6.v @ 2 
(�R) 
n1nnmv f-n �h; rt--
�tT ; t-rh (OOc; Q 01 ?la.\ 
- if S ix B it down 
. ( ()()f,. 1 \ 
6.v ctr < 0 
(0013)  
Exit Subroutine 
Enter a;//(0049, !52). 
Tb cs e -
3 cs CR Exit 
Print v, 6.v 
ESR 4 
(needs linkage) 
Reset t:::.v ctr < 0 
TP. R t- l\'JptJ v 
Subroutine 15 � Iterate 
A 




















� g  @ 2 













I I  
I I  
I I  
C . 118 
Exolosive Performance PRramet:er� 
S !., - ... ; ;nP 1 6 �  ....:�,m T n or : P-rnrln� � l-10 !2 �  r' 1 n  t l" it: ; P �  P.A O" P  1 n -f  1 
Program Input Codes 
Q. Instruction A Contenta Notes 0 Location 
Operation l Addre11 � of Add, ... U) 
I 
I I I I I I I 
' 
I 
� I I I I I I I I 
I 802 I I I I I I I o . o , o . o  I , X, B , 6 , 0 , 5 . 9 I Y16 
I I 
I I I I I I I I . 0 . 1  I I • M, 0 ,  o .  1 ,  6 I 
I I 
I I I I I I I I I 0 1 2 I , X , H, 6 , Z , 0 , 1 ' �°'716 -19 
I Na2
0 
I I I I I I I I , 0 , 3 I 1 Y 1 R 1 l\ 1 0 1 f., 1 () ' Y17  
I 
I I I I I I I I . 0 , 4 I I 1 M, 0 1 0 1 1 1 7  ' 
I I 
I I I I I I I I , 0 , 5 I , X, A, 6 , 2 , 0 , 1  ' 
I I 
I I I I I I I I 1 0 1 6 I , X, H , 6 1 2 1 0 , 1 ' 
I ;.,� I 
Xl Y18 I I I I I I I I , 0 , 7  I 1 X1 B , 6 1 0 1 6 1 l I Cao 
T 
I I I I I I I I 1 0 1 8  I I , M1 0 1 0 1 l ,  8 I 
I . . I 
I I I I I I I I 1 0 1 9  I 1 Y 1 A 1 l\ 1 ? 1 0 1 1 I 
I I 
I I I I I I I I 1 1 1 0  I I Y-1 R I  h I ? I () 1 �1 I 
I T 
I I I I I I I I 1 1 1 1 I I V a  "R I  f:; 1  () 1  h i ') ' Y19  
T 
I I I I I I I I 1 1 1 2  I 1 X1 M1 6 1 0 1 3 1 0 I 
I l 
I I I I I I I I I l 1 3 I 1 X1 A , 6 1 2 1 0 1 l ' 
I I 
I I I I I I I I I l 1 4 I 1 X1 C 1 6 1 2 1 0 1 l I 
I ' . �  I I I I I I I I , 1 , 5  I 1 Y1 TT 1 Z 1 7. 1 Z 1 7.  F.·1d � Snhrnnt" i n o  
I l 
802 Cv @ 5 _ , 0, 0, 0, 0 , n , o ,  1 I I 1 1 1 6  ? I 7 1  :l' I  T l  T l  ii' I T l  T ' 
I l Na2
o 
I I I I I I I I I l a  7 I, I (.\ I n I () I n I n I n I () I 
I . I 
I I I I I I I I , 1 1 8 3 1  J 1 �h J 1  J ,  J ,  J 1 J I CaO ' 
I I I I I I I I 1 1 1  q I I I I I I I ' 
I 1 
I I I I I I I I 1 2 , 0  I I . .  I I I I ' 
I I 
I I I I I I I I , 2 , 1 I I I I I I I ' 
I 1 
I I I I I I I I 1 2 1 2  I I I I I I I ' 
I T 
I X1 I I I I I I I I I 2 1 � I I I I I I I 
I I 
I I I I I I I I I 2 1  /.a. I I I I I I I ' 
I I I I I I I I I 2 1  Ii I I I I I I I ' 
I I 
I I I I I I I I 1 2 1 6 I I I I I I I I 
I ' 
I I I I I I I I I 2 1 7 I I I I I I I I 
I ' 
I I I I I I I I I 2 1 R I I I I I I I ' 
1 T 
I I I I I I I I 1 ? 1 Q I I I I I I I ' 
I T 
I I I I I I I I 1 3 1 0 I I I I I I r ' 
I I 
I X1 I I I I I I I I I �I 1 I I I I I I 
T 
C . 1 19  
'Rvn l n� ivP. p�,-f ...  . :-- :::.  pg . : Prg 
Subrout ine 17 : Compute Q ':\ , T �  'J>gap 1 n-f' 1 
Program Input Codes 
Q. Inst ruction A. Contenn 0 Location Ii Not ea - Operation I Addr111 of Addreu · U) 
I 
I I I I I I I i 
I . � I I I I I I 
I I I I I I I 0 1 0 1 0 , 0 I 1 X 1 B 1 6 1 l 1 4 1 l  I !:YM @ 1 6  I I 
I , I I I I I I I . 0 . 1 I I 1 D 1 0 1 0 1 l 1 7  I 1 / 10 (cl O I I 
�f @ 
1 6  I I I I I I I I I 0 1 2 I , X 1 S 1 6 1 0 1 3 1 l  I I I 
Q
3 
temp o @ 16  I I I I I I I I 1 0 1 3  I I 1 H1 0 1 0 1 l 1 4 I I I 
I I I I I I I I 1 0 1 4 I 1 X 1 D 1 l 1 7 1 1 1 2  • 1 (cl 2 
I 
I I I I I I I I 1 0 1 5 I 1 X1 H 1 6 1 l 1 4 1 0  I 
Q3 @ 14 
I I 
EYCv @ 2 I I I I I I I I 1 0 , 6  • I 1 B 1 6 1 2 1 0 1 1 I ca l / 100 2:m I I 
I IXI 1 00 (cl 1 0 I I I I I I I I 1 0 1 7  I r 1 D 1 0 1 0 1 li 6 
I 
I I I I I I I I 1 0 1 8 I I 1 H 1 0 1 0 1 l 1 S I I:YCv @ 2 ,r::1 1 / Qm I I 
I I I I I I .  I I 1 0 1 9 I I 1 B 1 0 1 0 1 11 4 ' 
I I 
I I I I I I I I I l 1 0 I I 1 D 1 0 1 0 1 l l 'i  I I . I 
I I I I I I I I I l ,  l I I 1 A 1 0 1 0 1 1I R I 298 (cl 14 I I 
T3 @ 14 I I I I I I I I 1 1 1 2 I 1 X1 C 1 6 1 0 1 3 1 7 I 
I I 
I I I I I I I I I l 1  � I 1 X 1 1T1 7. 1 7. 1 7. 1 7. I F.vi t: S11hrn11� ; nP I 
[ I 
I 
_ , 0 1 0 1 0 1 0 1 0 1 0 1 ') · ' I ' 1 1 4 I I I I I I ]  I Q3 t emp . @ 16  I I • IXI EYCv @ 2 I I I I I I I I I 1 1  Ii [ . I I I I I . ] I I 
I I I I I I I I 1 1 1 6 • .T I R 1 0 1 0 1 0 1 0 1 0 I 1 00 (cl 1 0 
I 
I I I I I I I I I 1 1  7 I .1' I T I .T I .1 1 .T 1 .T t .T I 1 /1 0 ta O 
I 
I I I I I I I I 1 1 1 8  1 ? 1 '1 1 6. 1 0 1 0 1 0 1 0  I 2 QR (cl 1 li.. I 
I I I I I I I I I 1 1 Q I I I I I I I I I I 
I I I I I I I I 1 2 1 0 I I I I I I I I 
I I 
I I I I I I I I 1 2 1 1 I I I I I I I I I I 
I I I I I I I I 1 2 1 2 I I I I I I I • 
I I 
� I I I I I I I I 1 2 1 �  I I I I I I I I I I 
I I I I I I I I I 2 1  l,. I I I I I I I I I I 
I I I I I I I I I 2 1  Ii I I I I I I I I I I 
I I I I I I I I 1 2 1 6 I I I I I I I I I I 
I I I I I I I I I 2 1  7 I I I I I I I I I I 
I I I I I I I I I ? 1  Jl I I I I I I I I 
I I 
I I I I I I I I I ? 1  Q I '1 I I I I I I I I 
I I I I I I I I I � 1 0 I I I I I I I I 
I ' 
� I I I I I I I I I 'ti 1 • I I I I I I I I ' 
C . 120 
Explos ive Performance Parameters 
Subrout ine 1 8 : Printout PaQ'e 1 of 10 
a. Instruction A Contents Notes Program Input Codes 0 Location Ooeration I Address � of Add, ... en 
I 
I I I I I I I I 
I 
� I I I I I I I I I 
I I I I I I I o . o , o , o  I I 1 H 1 01 1 1 3 , 7 I c (acc) ± code 
I I 
I '  I I I I I I I , 0 1 1 I 1 X , P 1 2 1 4 1 0 1 0 I (Tab) (0222) I I 
I I I I I I I I 1 0 1 2 I I , z , o , o , o , o I Delay I I 
I I I I I I I I 1 0 1 3 I 1 X 1 Z 1 3 1 2 1 0 1 0 I BP 32 halt 
I I 
I I I I I I I I 1 0 1 4 I I 1 T 1 0 1 0 1 1 1 0 I Expl. state 
I I 
I I I I I I I I 1 0 1 5  I I 1 B 1 0 1 0 1 0 1 s I Z0300 I I 
I I I I I I I I 1 0 1 6 I , X , R , 2 1 3 1 0 1 3 I Remote ail 
I I 
� I I I I I I I I 1 0 1 7 I ;x, u , 2 1 3 10 1 0 I 
I I 
I I I I I I I I 1 0 1 8 I I , z , 0 1 3 1 0 , 0 I (0005) 
I I . . 
I I I I I I I I 1 0 1 9 I 1 U 1 0 1 0 i l 1 4 I 
I I 
I I I I I I I I 1 1 1 0 I I 1 B , 0 1 0 1 1 1 ) - I Z0310 (0004) 
I I 
I I I I I I I I , la 1 I 1 X 1 R 1 2 1 3 1 0 1 3 I Remote ail 
I 
I I I I I I I I 1 1 1 2 I 1X 1 U 1 2 1 3 1 0 1 0 I 
I I 
I I I I I I I I 1 1 1 3  I I , z 1 0 1 3 1l 10 I (0010) 
I 
I I I I I I I I 1 1 1 4  I I 1 B , 0 1 0 1l 1 7  I Z0317 
I I . �  I I I I I I I I 1 1 1 5 I 1 X , R , 2 , 3 1 0 1 3 
I I 
I I I I I I I I I li 6 I 1 X 1 U 1 2 1 3 1 0 1 0 I 
I I 
I I I I I I I I 1 1 1 7  I I 1 Z , 0 1 3 , la 7 I (0014) 
I I 
I I I I I I I I 1 1 1 8 I I 1 B 1 0 , 2 16 1 2 I P0400 
I I 
I I I I I I I I 1 11 9 I 1X 1C 1 l 1 9 16 1 l I Chan2e So to LC 
I 
I I I I I I I I 1 2 1 0 I I x I B -1 6 I O 1 3 I 8 I OB 
I I 
I I I I I I I I , 2 , 1 I 1X 1A 1 l 1 7 1 4 16 I 1 @ 16  
I I 
I I I I I I I I , 2 , 2 I I 1 T 1 0 1 0 1 4 1 l I -OB 
I I XI I I I I I I I I 1 21 3 I I 1B 10 1 0 12 1 6 I Z0327 
I 
I I I I I I I I 1 21 4 I 1X 1 R 1 2 1 3 1 0 1 3 I Remote rdl 
I I 
I I I I I I I I I 2 1 'i I 1X1 U l 2 1 3 10 10 I 
I I 
I I I I I I I I 1 2 1 6 I I 1 Z 1 0 1 3 12 17 I 
I I 
I I I I I I I I I 21 7 I I 1U 10 1 0 13 1 2 I 
I I 
I I I I I I I I 1 ? 1 R I I I I I I I I 
I I 
I I I I I I I I 1 ? 1 Q I I I I I I I I 
I I 
I I I I I I I I 1 3 1 0 I I I I I I I I 
I I 
I XI I I I I I I I I I ".\1 1 I I I I I I I 
I 
S broutine 18:  Pr intout 
A 
Program Input Codes o 
u; 





















C . 12 1  
Pa e  2 of 10 
Notes 
H O @ 5 
0 @ 7 




46- 10 7 










Instruction o.. Content• 
O ration Addre11 a of Add 
2 0 7 I 
c O 122 
Not11 
yl l 12 @ ? 
D.  , m/ sec @ 14 
0121 
12 . 4  Print 
D2
, fps @ 16 
�11�• , HL i n P  18� 
Program Input Codes 
I 
I I I I ' I 
I I I I I I I 
I 
I I I I I I I 
I 
I I I I I I I 
I I I I I I I 
I 
I I I I I I I 
I I I I I I I 
I I I I I I I 
I 
I I I t I I I 
I I I I I I I 
I 
I I I I I I I 
. . 
I I I I I I I 
I I I I I I I 
I I .  I I I I I 
I 
I I I • I I I 
I 
I I I I I I I 
I 
I I I I I I I 
I I I I I I I 
I I I I I I t 
I 
I I I I I I I 
I I I I I I I 
I 
I I I I I I I 
I 
I I I I I I I 
I 
I I I I I I I 
I 
I I I I I I I 
I 
I I I I I I l 
I I I I l I t 
I 
I I I I I I I 
I 
I I I I I I I ' 
J I I I I I I 
I 
' I I I I I I 
I 
I I I I I I I 
I 
I I I I I I I 
I 
I I I I I I I 
]tr ; n t-· r.� � t-
� 




n 1 1 1 3 , 2 
I 1 3 1 3  
I 1 3 1 4 
I 1 3 , 5 
I 1 3 1 6 
I 1 3 1 7  
I 1 3 1 8 
I 1 1 1 9  
I I U I O  
I I U I , 
I I U I 2 
I I la. 1  1 
I 1 4 1 la. 
I 1 la. 1  ', 
t 1 4 1 6 
I 1 4 1 7 
I I la. , 8 
I I la. , 9 
I I 'i I Q 
I I 'i I 1 
I 1 5 1 2 
I , 5 , 3  
I 1 5 , 4 
l , 5 , 5 
I , 5 , 6 
I , 5 , 7  
I , 5 , 8 
I 1 5 1 9 
I 1 6 1 0 
I 1 6 1 1 
I I 6 1  2 
I I 6 1 3 
C ,. 12 3 
P:.ao� u. ('} ,f 10  
Inst ruction A. Contents 0 Notes 
Ooerat i on I Addreu - of Addreaa Cl) 
1 7 1 n , 4  1 1 1 A 
I (012 9) I I 
I 




I I I I I t I 
I 
I 
I I I I I I I 
I 
I . I I I I 
I 
I 
I I I I I I I 
I 
I l "R. 1 () 1 1 1 .l.. 1 1 
' 
Z042 1 (0133)  I 
I · � .,_.� I 1 X 1 R 1 2 1 1 1 0 1 1 Remote a 4; 
I 
I 1 X 1 U 1 2 1 1 1 0 1 0 
' 
I 
1 Z 1 0 1 4 1 2 , 1  
' (0138) I 
I 
I 1 X 1.R 1 li 9 1 0 1 /:\ 
I 
12 ft 4 Print 
I 
I 1 X 1 IT 1 l 1 9 1 0 1 0 
I 
I 
I 1 X 1 Z , 6 1 0 1 4 1 2 
I 
I 
p 2 @  
2 
I 1 X 1 Z 1 0 1 1I 0 1 2  
I 
I 





I 1 X1 R 1 2 1 1 1 0 1 3  
I 
I 1 X 1 H 1 2 1 ':\ 1 0 1 0 
I 
I 
I I I 2 1  O t u. 1 2 1 c; 
I ( 0146) 
I 
I I I °R t  0 1 l I c; 1  � 
I 
7.0u.?1 < 0112 ·) 
I 
I 1 Y1 R 1 ? 1  ':\ 1 0 1  ':\ 
I 
1) ..... �n.- P- a ti 
I 
I 1 Y 1 iT1 2 1 ':\ 1 0 1 0  
I 
I 
I I 1 7 1 0 1 !..._ 1 ? 1 7 I <01 c;o) 
I 
I 1 Y1 R 1 1 1 Q 1 n1 '.\ 
I 
1 ?  . !..._  Pr;nt-
I 
I XJ 
I , v , n1 1 1 0 , n , o  
I 
I 1 Y 1 7 1 � 1 ('\ 1 ':\ 1 ? 
I 
I 
I I YI 7 1  ()1 1 I 1 t !..._ I T (a 1 la. 
I 
I I I "R.1 0 1 1 I � I  1 I 7.()L,. '.\ ".\ 
I 
I 1 X1 R, 2 1 1 1 01 1 I 
I 
I I X1 Ua 2 1 3 1  01 Q 
I 
' 
I I I 7. 1  01 u. 1  ]1 1 I (0158) 
I 
I t Y1 Ra 1 1  91 0 1 � I 
I . � I I Yt TT1 1 1  Q 1 01 0 
I 
Subrout ine 18 : Printout 
Program Input Codes ! Location Instruction 
(/) 0 ration Addr•" 
A Contents i of Add, ... 
0 2 0 0 1 4 4 I 
0 1 











c O 124 
f 10 
Not•• 
P ,  atm @ 2 0  
02 02 
1 2  Print 
14 












1---.:.:.:ln:.:.1...;:t r...;;;u�ct:.:.;io;.:.n::..-.--1 ! 
rat ion Address en 
x z 6 0 2 4 ' 








I:YCv 1:YCv 1 2  
OB 7 




S .  0109 0224  
Program Input Codes f Location Instruction 
u, 0 ration AddrHa 
0 
0 
0 4 D 4 E 4 T 4 Q J I 
0 5 N 4 A 4 T 4 I 4 I 
0 6 O J N 4 z J s 4 I 
0 7 T 4 A 4 T 4 E 4 I 
0 8 4 0 4 0 1 Q O Q I 
0 9 
1 0 4 0 4 0 2 o E 4 .1 
1 1 x J P 4 1 8 0 J I 
1 2 s 4 I 4 0 J N 4 I 
s 4 T 4 A 4 I 
Contents 
of Addre .. 
0010 
C . 126 
Notes 
CR Tb Th Tb 
UC E x p 
L 0 s I 
v E CR CR 
D E T 0 
N A T I 
0 N s s 
T A T E 
CR CR LC Exit 
Blank 
CR CR UC E 
x p L 0 
s I 0 N 
s s T A 
T E CR CR 
Blank 
c G A s 
s c 0 M 
p s I 




0 0 0 0 0 3 2 0 
Instruction A. 
.,_O_r_a--ti�on........,. .... A __ dd __ r-eu--1! 
X J Y 4 G 8 E 4 
5 N 4 4 0 1 0 0 0 
3 6 
3 7 2 0 H 4 Y 4 D 4 
3 8 R 4 o J G 8 E 4 
I 4 
5 5 T 4 H 4 A 4 N 4  I 
5 6 o J 1 8 6 0 F 8  I 
5 7 I 4 I 








c "  12 1 
Notes 
w A T E 
R Tb s 0 
x y G E 
N xit 
Blank 
UC H y D 
R 0 G E 




w A . T  
CR 
T H A N 
0 L Tb F 
0 R M I 
c A c I 
Tb s 0 
x y G E 
LC CR Exi 
H y 
Program Input Codes .f Location Instruction u, O ration Addre11 
0 0 0 0 0 3 2 D 0 4 0 0 v 4 1 8 6 O N 4 
0 1 I 4 T 4 R 4 O J 
0 2 x J z J 6 O A 4 
0 3 T 4 M 4 I 4 
0 4 c 4 4 6 0 
0 
. Q  
0 
0 























B l  nk 
R A 
R E 













S11hrnl1t-ine 18� Pr into·..1t Pa�e 10 c,f 10 
a. Inst ruction a. Contents Program Input Codes 0 Location 0 Notes - 0Derat i on I Addr•• - of Addren en Cl) 
I 
I 
I I I I I I I 
� I I I I I I I I 
I 
., , 0 , 0 , 0 1 0, 0 1 3 1 2 � 1 3 1 2 
I 
Blank I I I I I I I I 
I 
1 3 1 3  D 1 4 1 E 1 4 1 G 1 8 1 2 1 0  
I <'0158) d nc I · 1 I I I I I I e 
I 
I 1 3 1 4 Z , J I K , 8 1 Z , ,J I Z , J' 
I 
So K Sn Sn I I I l I I 
I I 
, 3 , 5 Z 1 .J 1 Z 1 3 1 P 1 4 1 R 1 4  
I 
Sn Sn p R I I I I I I I I 
I 
1 3 1 6  E I  4 1 s ,  4 , s ,  ,4 1 r, , 4 I E s s F I I I I I I I I 
I I 
, 3 , 7 Rt ,4 1 E 1 4 1 Z t J' j� t J" 
I 
R E �n I I I I I I I I -· 
I I 
1 3 1 8 Z 1 .J 1 l 1 0 1 0 1 0 , 0 , 0 
' 
Sn 1.f: Fxit I I I I I I I I 
I I 
I Xl 1 3 , 9  .,,. Bl -Ank I I I I I I I I I I I I I I I 
I 
1 4 1 0 
I " I I I I I I I I I I I I I I I 
I I 
1 4 1 l .A 1 4 1 T , 4 1 M 1 4 ,  Z 1  "J 
I (O?O? ) t Sn I I I I I I I I a 
I 
1 4 1 2 Z 1  l , 4 1 0 1 4 1 0 1 2 1 0 
I �n C'.R f':R FC; I I I I I I I I 
I . I 
1 4 1 3 0 1 8 1 7. 1 J 1 = 1 .1i' 1 Z 1 .J 
' 
0 �n -· So I I I I I I I I 
I 
I I I I I I I 1 4 1 4  l 1 0 1 0 1 0 1 0 1 0 1 0 1 0  
I T.r. F.··1d f: I 
I I 
I 1 4 1 5  
I R1 ,gn'k I I I I I I I I I I I I I I 
I 
I I I I I I I 1 41 6 C 1 4 t A 1 4 1 1 1 8 t / 1 .I 
' 
(O? 10) S,1 1 I I 
I I 
I Xl I I I I I I I I 1 4 1 7 � I 8 I M  I u I 7. I .J I Z I '1: Q' m Sp SR.-I I 
I I I I 1 41 8  7. 1 l 1 Z 1 l 1 2 1 01A1 4 
' 
So �n HC: A I I I I 
I I 
I I I I 1 4 , 9 VI .1 1 G, 1 R I  7. Lil I 'A I � 
I 
\I ("� �n µ I I I I 
I -
I I I 1 5 1 0 T 1 4 1 Z 1 JJ' 1C 14 1A1 4  
' 
'T �n ('! A I I I I 
I -




I I - -
1 5 1 2 l 1 0 1 0 , 0 1 0 1 0 1 0 1 0  
' LC Exit I I I I I I I I 
I I 
I I I I I I I I 1 5 1 3 I I I I I I I 
I Blank 
I I 
I I I I I 1 5 1 4 C 1 4 1 A 1 4 1 li 8 1 / , J 
I ( 02 18 ') � a l I I I I I ' XJ I I I I I I I I , 5 , 5 li 8 , 0 , 8 1 0 , 8 1 G 1 8 1 0 0 
I I 
I I I I I I I I 1 5 1 6 M 1 4 1 Z 1 J 1 D 1 4 1 E 1 4 So d 
I 
I I I I I I I I 1 5 1 7 G 1 8 1 Z I J' 1 2 1 0 1 K 1 8 
' 
g Sn cc 
I 
I I I I I I I I 1 5 1 8 l. 0 1 4 1 0 1 4 1 0 1 0 1 0  
I 
T.C: CR f:R Exit 
I 
.. I I I I I I 1 5 , 9  I I I I I I 
I 'Rl -Ank I 
I 
I I I I I I I I 1 6 1 0 I I I I I I I I " 
I I 
I I I I I I I I 1 61 1 I I I I I I I I " 
I I 
I I I I I I I I 1 61 2 I I I I I I I ' " 
I I 
I XJ I I I I I I I I 1 61 3 I I I I I I I " 
I I 
Subroutine 19 : 
Pro9ram Input Codea 
0 0 4 
0 1 x s 6 0 4 0 
0 2 X H  6 3 3 9 
0 3 3 3 9 




0 9 0 4 3 















T2 @ 14 
4 
2 
C . 130 
Page 1 of 1 
Note1 
Here for D , P2 
only 
C . 131 
1i'-� 1 na -l ,7o l>o,... Fn .. - 'P.ar o ..... .aro'I'" a 
T � •••• Hcv St-n,...; 0'4 P.aa� l n.F 6 
Pro1ram Input Codea J Location ln•t ruetla11 J Contenta Note1 ONratlon I Addrtu of Addre11 
I 
I I I I I l I i 
I 
XI I I I I l I I ' 
I 
I l I I I I I 6 . o , o . o I I • I I I I • Blank I 
[ I 
' 
I ]  K3 
F l . Pt . 












I ] K9 I I I I I I I I 1 0 1 4  I • I I I I " I 
[ I 
I 




I ]  I I I I I I I I .1 0 1 6  I I I I I I K, �  " ' 
[ I 
I 
I ]  I XI I I I I I I I I 1 0 1 7  r• I I I I K, LL " I 
[ I 
I 
I I I I I I I I 1 0 1 8 I I I I I I ]  I K, " " ' 
[ I 
' 
I I I I I I .  I I 1 0 1 9 I I I I I I ] • Kn " I 
[ I 
I 
I I I I I I I I 1 1 1 0  I I I I I I ]  • K? ? " I 
[ I 
. I 
I I I I I I I I 1 1 1 1 I I I I I I ] ' K?L... " I I 
I I I I I I I I 1 1 1 2 [ I I I I I I I ] • .F (cl ?O ' 
I I I I I I I I 1 11 � I I I I I I I ' ' ' 
I I I I I I I I 1 11 �  I I I I I I I • 
I ' . �  I • I I .  I I I I I 1 1  Ii I I I I I I I I 
[ I 
. ' 
I I I I I I I I 1 1 1 6  I I I I I I ] I r s @ s . s  
[ I 
' 
I I I I I I I I 1 1 1 7  I I I I I . ]  I 7 6  ca 3 � 1 I 
[ I 
I 
• I I I I I I I 1 1 1 8  I I I I I I ] I 'Y 7 @ 3 . 2 I 
[ I 
' 
I I I I I I I I 1 11 g I I I I I I ]  • r s  ca 3 . o  
I 
I I I I I I I I 1 2 1 0  [ I I I I I I I ]  • 'Y 9 @ 3 . 1 ' 
[ I 
I 
I ]  • I I I I I I I 1 2 1 l . I I I I I • 'Y 10 @ 3 .  3 
[ I 
' 
I I I I I I I I I 2 1  2 I I I I I 1 1  I 7 11 @ 3 . 3  
[ I 
I 
I ] I XI I I I I I I I I 1 21 1  I I I I I 7 1 2 Cci 3 " 2  I 
[ I 
' 
I • I I I I I I 1 21 �  I I I I I I ]  • 7 13 ca O � O I ' 
I I I I I I I I 1 2 1 5 [ I I I I i I I ] I 'Y 1 Li..  Cci o _ - 1  I ' 
I I I I I I I I 1 2 1 6  [ I I I I I I I ]  , . 'Y 1 "i Cci O _,O I I 
I I I I I I I I I 2 1  7 [ I I I I I I I ] I 'Y L 4 ca 0 .- 3  I 
I I I I I I I I I 2 1  A [ I I I I I I I ]  I 7 1 Cci 1 _ 2  • 
L.y1 6 - 1 Q ta R  I I I . I I I I I I 2 1  Q [ I I I I I I I ] • 1 ' 
I I I I I I I I 1 31 0 [ I I I I I I I ] • cul Q (a "i ' 
I XI �Hf @ 16 I I I I I I I I I �I 1 r I I I I I I . ,  
I 
C . 132 
Temporary Storage Page 2 of  6 
Program Input . Codes 
0. Instruct ion Q. Contents 0 Location 0 Notes - Ooeration I Addreaa - of Addre .. (I) fl) 
I 
I 
I I I I I I I · � I I I I I I I 
I I I I I I I 6 1 0 1 3 1 2 [ I I ] 
I T
2 @ 
14 I I I I I I I 
I I I I I I I I 1 3 1 3  [ .  I I ] I F fl . pt. I I I I I I 
Fl /
2 
I I I I I I I I 1 3 1 4  [ .  I I ] i I I  I I I I 
. I I 
Fl /
4 
I I I I I I ·1 1 3 1 5  [ .  I I I I ] I " I I I 
I 
3 /4 1 3 1 6 [ ,  I ) I " I I I I I I I I I I I I I F I I T
2 
' @ 14 I I 1 3 1 7  [ .  I ] I I I I I I I I I I I I I I 
I I I I I I I I 1 3 1 8 [ .  I I I ] I OB @ 7 I I I I I · �  I I I 1 3 1 9  [ .  .,, I ] oa/ov @ 2 I I I I I I I I I I I I 
I I I I I I I I 1 4 1 0 [ I I I I I I I ] 
I a @ 2 I I 
@ 2 I 
. .  
, 4 1 1 [ .  I ] I p l  I I I I I I I I I I I I .  I I 
@ 2 I I I I I I I I I U I 2 [ .  I I I I I I ] :I P2 I I -
@ 2 I I I I I , 4 1 � ( .  I I ] I vl I I I I I I I I I 
I I I I I I I , 4 1 4 ( .  I I ] I v2 @ 2 I I I I I I I 
@ 2 I I I I I I I I 1 4 1 5 [ .  I I ] I € I I I I v I I 
@ 14 I I I I I I I 1 4 1 6  [ .  I I ] I €..., I I I I I .L I I · �  I I I I I I I I 1 4 1 7 [ I I I I I ] € @ 2 I I x I I 
X L @ 6 I I I I I I I I 1 4 1 8 [ I I I I I I I ] I 1 I I 
x3
Z _@ 4 I I I I I I I I 1 4 1 9 [ I I I I L I I ) ' I I 
x l. /� @ I I I I I I I I 1 5 1 0  [. I I ] I 2 I I I I 1 I I 
I I I I I I I I 1 5 1 1 [ I I I I I I I ] I x1 @ 
4 
I I 
I I I I I I I I 1 5 , 2 [ I I I I ·  I I I ] I x2 @ 3 I ' 
I I I I I I I I , 5 1 3 [ .  · ,  I I I I I ] ' x.1 @ 2 I I 
I I I I I I I I , 5 , 4 [ I I 1 I I I I ] I x4 @ 
5 
I 
I I I I I I I I , 5 1 5 [ I 
I 
I I I I I I ] · � co @ 7 I I 
I I I I I I I I , 5 1 6 [ I I I I I I I ] I H @ 7 0 ' I 
I I I I I I I I 1 5 , 7 [ I I I I I I I ] I N @ 0 ' I 
I I I I I I I I , 5 1 8 [ I I I I I I I ] I 00 @ 
7 ' I 
J I I I I I I I , 5 , 9 [ I I I I I I I ] ' 802 @ 
7 
I 
I I I I I I I I 1 6 1 0 [ I I I I I I I ] I 
Na
2 @ I I 
1 6 1 1 [ I 
, I Cao @ 7 I I I I I I I I I I I I I I J I I 
I I I I I I I I I 61 2 [ .  I I I I I I ]  I Y1 g 
@ 7 ' I . �  I I I I I I I I , 6 , 3 [ I I I I I I I ] Al @ 7 I I 
C.133 
Temporary S torage Page 3 of 6 
Pro�ram Input CodH 
a. Inst ruction A Contents 0 Location 0 Note, - Ooeration I Addre11 &; of Add, ... U) 
I 
I I I I I I I I 
I 
� I I I I I I I I 
I 
I I I I I I I 6 , 1 , 0 , 0 [ I I I I I I I ] I .Ev @ 8 
I I y @ 7 
I I I I I I I I , 0 , 1 [ I I I I I I I ] I 1 
I ' 
@ 7 




I I I I I I I I , 0 , 3  [ I I I I I I I ] I I I 
Y4 @ 7 I I I I I I I I , 0 , 4  [ .  I I I I I .] I 
I I 
y'i @ 7 I I I I I I I I 1 0 1 5  [. I I I I I I ] I I I 
y6 @ 7 I I I I I I I I ·1 0 1 6 [ I I I I I I I ] I 
I I X1 @ 7 , 0 , 7  [ I .,, I 1 I Y7 I I I I I I I I I I I I I 
I 
Yg @ 7 
I I I I I I I I , 0 , 8  [ I I I I I I .  I 1 I 
I . . 
[ I 
I 1 Yg @ 7 




I �  Y10 @ 
'7 














I ] Y13 @ I I I I I I I · , I l 1  j I I I I I I 
[ I 
I 




I ] X1 I I I I I I I I I 1 I Ii I I I I I • Y, � @ 2 
I ' 
I I I I I I I I I l 1 6 I I I I I I I I 
I ' 
I I I I I I I I I 1 1  7 I I I I I I I I 
I I 
I I I I I I I I I l t  8 I I I I I I I • 
I ' 
I I I I I I I I I 1 1  Q I I I I I I I I 
I I 
I I I I I I I I 1 2 1 0  I I I I I I I I 
I I 
I I I I I I I I I 2 1 l I I I I I I I I 
I I 




I ] I X1 @ 7 I I I I I I I I I ? 1  '.\ I I I I I Y1 � 
[ I 
I 





I ]  I I I I I I I I I ? 1  Ii I I I I I ' Y1 �  @ 7 
I I 
I I I I I I. I I I ? 1  6 I I I I I I I I 
I I 
I I I I I I I I I 2 1  7 I I I I I I I I 
I ' 
I I I I I I I I I ? 1  A. I I I I I I I I 
I ' 
I I I I I I I I I ? 1  Q I I I I I I I I 
I I 
I I I I I I I I I 31 0 I I I I I I I • 
I ' 
X1 !\ @ 7 , 2  I I I I I I I I I '°:ll 1 [ I I I I I I J. ]  I 
I ' 
C . 134 
. Temporary Storage Page 4 of  6 
0. Inst ruct ion 0. Contents Pro9ram Input Code, 0 Location 0 Notes - Ooerat ion I Address - of Addreu U) U) 
I 
I I I I I • I 
I 
I X1 I I I I I I I 
R
2 @ 7 ,  2 I I I I I I I 6 1 1 1 3 1 2 [ .  I J I I I I I I 
I I R
3
@ 7 , 2  
1 3 1 3 [ .  
1 I 
I I I I I I I I I I I I I I J 
I R, @ 7 ,  � @ 2 
[ I 
I 
I I I I l I I . I 1 3 1 4 I I I I I I ] .:.+ 4 I I 
�3 @ 1 3 1 5  [ I I 1 I I I I I I I I I I I I I I 
I 
�2 @ 1 3 1 6 [ I I 1 I I I I I I I I I I I I I 
I I 
�1 @ 1 3 1 7 [ I I ] 
I 
I I I I I I I I I I I I 
I I 
I I I I I I I 1 3 1 8 I 
I 
I I I I I I I 
I ....- I XI I I I I I I I I 1 3 1 9 I I I I I I I I 
I I Q2 @ 
14 








I ] I I I I I I I I 1 4 1 2  I I . I I 




I ] I I I . I I I I I 1 4 1 3  I I I I I 
I D @ 16 !1 fps 
[ I 
I p
2 @ 20 ,  I 1 4 1 4  I ] I 
atm 
I I I t I I I I I I I I 
I 
I I I I I I I I 1 4 1 5  I I I I I I I 
' 
I I 
I I I I I I I I 1 4 1 6 I I I I I I I ' 
I I , XI I I I I I I I I 1 4 1 7  I I I I I I I I 
I I I I I I I I 1 4 1 8  I I I I I I I ' 
I I 
I I I I I I l I 1 4 1 9 I I I I L I I ' 
I I 
I I I I l I I I 1 5 1 0 I I I I I I I 
• 
I I 
I I I I I I l I 1 5 1 l I I I I I I I 
' 
I I 
l I I I I l I I 1 5 1 2  I I l ) I I ' l 
I 
I I I I I I I I 1 5 1 3 I I I l I I • I 
I I 
l I I I I I l I 1 5 1 4 I I I i I l I ' 
I I · �  I I l I I I I I 1 5 , 5  I I I I I I I 
I I 
I I I • I I l I , 5 , 6 I I I I ' I I l 
I I 
I I I I I I I I I 5 1  7 I I I I ' I I I 
I I 
I I I I I I . . I 1 5 1 8 I I I I I I I ' r I 
J l I I I I I I I 5 1  9 I I I I I I I I 
I I 
I I I . I I I I I I 6 1 Q I I I I I I ' I 
I I 
I I I I I I I I I 61 1 I I I I I I I I 
I I 
I I I I I I I I I 61 2 I I I I ' I I I 
I I .� I I I I I I I I I 61 3 I I I I I I I 
I I 
C . 135 
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Program Input Code1 
Q. Instruction A Contenn 0 Location ! Notea - Onration I Addrt11 of Addr111 u, 
I 
I I I I I I I I 
I X1 I I I I I I I I 
I 





ITC @ 12 
I . . I I I I I I . 0 . 1 I I I I I I vl6 - 1 9  ' 
[ I 
' 





I I I I I I I I 1 0 1 3 I I I I I I ] I E'YCV @ 
12 
I I 
I I I I I I I I 1 0 1 4 I I 1. I I I I 
I 
I I 
I I I I I I I I 1 0 1 5 I I I • I I I I ' I 
I I I I I I I I 1 0 1 6 I I I I I I I I 
I I 
� I 1 0 1 7  
.,,. I I I I I I I I I I I I I I I 
I I 
I I I I I I I I 1 0 1 8  I I I I I I I ' 
I ' . .  
I I I I I I I I 1 0 1 9 I I I I I I I I ' ' 
I I I I I I I I , 1 , 0 I I I I I I I · ,  
I 
[ ,  
' 
@ 7 , 5  




@ 7 , 2 
I I I I I I I I I 1 1  2 I I I I I I ] ' al2 
I r .  ' 7 , 2 I I I I I I I I I l 1 3 I I I I I I ] I �13 @ 
I 
I I I I I I I I • 1 1 4 [ I 
I 
I I I I I I ] I 
a
14 @ 
7 , 2 
I I 
� I I I I I I I I I 1 I 'i I I I I I I I ' 
I ' 
I I • I I I I I 1 1 1 6  I I I I I I I I 
I I 
I I I I I I I I I l 1 7 I I I I I I I I 
I I 
I I I I I I I I 1 1 1 8 I I I I I I I I 
I ' 
I I I I I I I I I 1 1  C) I I I I I I I I 
I ' 




7 , 5  I I I I I I I I 1 2 1 1  I I I I I I ] I a, , @ 
I I 
I I I I I I I I 1 2 1 2  [ I I •• I I I I ] I 
a
22 @ 
7 , 5  
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The primary computer input-output device is a Friden Flexowriter, 
a 10 character per second electric typewriter which w i l l  punch paper 
tape .and /or type normal copy, under the control  of  an operator, a 
punched paper tape , or the computer. An aux il iary un it includes a 
200 character per second photo electric tape reader and a 20 character 
per second tape punch. 
The LGP-30 memory device is a revolving magnetic drum, divided into 
64 circumferential "tracks", each o f  which is further divided into 64 
" sectors" .  Each of the ·409 6 sectors is individually addres sable, in 
terms of  its pos ition in a track and the pos it ion o f  the track on the 
drum. 
Each sector contains one word, which may be an ins truct ion or a 
number. An instruction word consists o f  an operation code and a four · 
digit addres s ,  and a number can be any s igned nine decimal digit number 
or one of a few ten digit numbers. Internal ly, a word is represented by 
32 binary dig its, or bits . The le ftmost bit is the s ign bit ,  labeled ± 
in Figure D . l , and the bit on the right end is cal led the spacer bit,  
which always contains a zero . Although Figure D.l shows both a data 
word and an ins truction word, there is no bas ic difference between the 
two,  and if a data word con tains bits in the operat ion code pos it ions it 
could be executed as an ins truction. 
The numbers in Figure D . l  represent different "q" values,  or scal ing 
factors . The computer cons iders  the binal po int location to be at q = 0, 
just  to the r ight of the sign b it, which restricts the numer ical value of 
a word to less  than one . The s caling factor is a convenient concept used 
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in progranming , which allows the numbe�s to be consi dered as having any 
magnitude des ired. It is defined as the number of  b inary d igits between 
the programmed and the computer binal po int , and follows the laws o f  
exponents when arithmetic operations are per formed. For example , a 9 
at  q = 3 multiplied by a 6 at q = 4 g ives 54 at q = 7. 
Instructions are executed in the arithmetic unit , which consists of 
a counter register ,  an instruction register , and the accumulator , or 
working register. The accumulator retains the results o f  arithmetic 
operations , or one o f  the operands prior to execution o f  one o f  these 
operat ions. The instruction register contains the instruction being 
executed , and the counter register conta ins the address of the next 
instruction to be executed. The contents o f  these registers are always 
on display in an oscilloscope located in the upper r ight hand corner o f  
the computer console , Figure D.2. 
The LGP -30 has 16 basic connnands , or operation codes. These are 
div ided into arithmetic operations ,  which operate on a full 32 bit  word , 
and logical operations , which ' a ffect o�ly the address portion o f  a word. 
Table D.1 l ists the 16 comnands , toge ther with a brie f explanat ion o f  the 
results o f  the ir execution. 
Figure D.2 is an illustration o f  the computer _ console , or control 
panel. STOP and COMPUTE are translucent  panels which l ight up to indicate 
the operating status o f  the computer. The functions o f  the con trol 
buttons are as follows : 
NORMAL : Sets the computer to execute stored ins.tructions automatically. 
ONE OPERATION : Sets the computer to execute one s tored instruction 
at a time and stop. 
MANUAL INPUI (Not equivalent to the typewriter MANUAL INPUT) : 
Connects the computer to the typewriter keyboard , and sets the computer 
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to "step through" a program one instruction a t  a t ime w ithout executing 
them. 
STANDBY : Turns off  the h igh vol tage to the computer. 
STAND BY TO OPERATE : An indicator, not a bu�ton. It indicates a 
phase of  the computer warm -up cycle when lighted. 
OPERATE : Prepares the computer for opera tion. 
START : Executes stored instructions. 
CLEAR COUNTER : Sets the counter register to zero. 
FILL INSTRUCTION : Trans fers the contents of the accumulator to the 
instruction register. 
EXECUIE INSTRUCTION : Execute� the instruction in the instruction 
reg ister. 
POWER ON, POWER OFF : The main computer power switches. 
BREAK POINT : Permits external control o f  computer stop commands. 
If the stop command. track address corresponds to one o f  the button numbers, 
and that button is depressed, the command is ignored. 
6 BIT INPUT : Permits loading six binary d igits per typewriter 
character into the accumulator. When raised, four bits are loaded per 
character. 
TRANSFER CONTROL : Permits external control as . to which one o f  two 

























D . 6  
TABLE D . 1 
ROYAL-McBEE LGP-30 COMMANDS 
FUNCTION 
Con tents of address replaces contents of accumula tor. 
Contents of address plus contents of accumula tor 
replaces contents  of accumulator. 
Contents of accumulator minus contents of address 
replaces conten ts of accumulator. 
Contents of accumulator replaces contents of address . 
Contents of accumulator replaces contents of address, 
and contents oj accumulator is replaced by zero. 
Bit  by bit product of con tents of accumulator times 
contents of add�ess replaces contents of accumulator . 
Contents of accumulator divided by contents of address 
replaces contents of accumulator. 
• 
. I 
Most sign ificant half of contents of accumulator times 
contents of address replaces contents of accumulator. 
Least sign ificant half of con ten ts of accumulator times 
conten ts of address replaces conten ts of accumulator. 
Address portion of con tents of accumulator replaces · 
address portion of contents of address. 
R Return Counter register address plus one replaces address 
Address portion of contents of address. 
U Uncond it ional Address por tion of instruc tion register replaces 
Trans fer contents of coun ter register . 
T Conditional As above, but only if conten ts of accumula tor is 
Transfer negat ive. 







Computer stops, unless track address is identical to 
a depressed BREAK POINT number. 
Print typewriter symbol according to track address code . 
Enter information from typewriter to accumula tor. 
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